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THis»work on the manufacture of tane sugar, whifch the 
authors now present to the public, is not primarily in- 
ten(fed to be a scientific exposition of the subject, but, 
rather, a ,gifide for the dse of those who are connected, 
directly or indirectly, with the cane sugar industry other¬ 
wise than in a technical capacity. It is also intended to 
supply a record of the position of cane sugar manufacture 
at tHfe present day. 

The authors .S^ire expi%ss their thanks to the 
folloyjing engineering linns who so generously helped thefB 
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of the illustrations which appear isi the following pages, 
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and Qo., Ltd.; George Metcher and Co., Ltd.; E. Green and 
Son, Ltd.; Tho Harvey Engineering Lo., Ltd. ^ The Kestner 
Evaporator and Engineering Co., Ltd.; Manlove, Alliott 
and Co.; Jol^p McNeil and Co., Ltd.; The Mirrlee’s Watson 
Co., Jjtd.; Pott, CjAssels and Williagason; A. and W. Smith 
«nd Co., Ltd.; tluncan Stejvart and Co., Ltd.*; ThejStirling 
Boiler Co., Ltd.; and Watson, Laidlaw and Co., Ltd. 
They also wish to thank Mr. Algernon Aspinall, C.M.G., 
Secretary of The M^est Indid Committee, for the great 
trouble which he has taken in editing the bbok. • 




INTRODUCTION TO SECOND EDITION 

• 

When “ The Manufacture of Cane Sugar ” was first, 
published, it was immediately accepted as a standard 
.work on the subject with which it deals. The first im¬ 
pression was quickly sold, and since it has been out of 
print thejrethas been an* insistent demand for the publi¬ 
cation of a second. Though the authors might have 
arranged for a reprint to be issued, tliey preferred to wait 
until they were in a position to publish a new and revised 
editibn embodying particulars of the latest improvements 
and development's <n the cane sugar world. Jfor a time 
this YJas not practicable, owing to the prolonged absenCb 
of one of the authors in a 2 )rogressive cane sugar producing 
country, and to circumstances arising out of the war. 
This unavoidable delay has, ho\\sever, been in one way 
^advantageous, inasmuch as it has enablad Mr. Llewellyn 
Jones.,and Mr. F. I. Scard ^o include in thjp new edition 
of tljp work, which hds been most carefully revised and 
^^written t(rl\pre necessary, illustralions and descriptions 
of recent apparatus and processes of manufacture that 
have contributed toward* bringing about ^h*e present 
Qomyie^cial supremacy of cane sygar over beet. In an 
'•introduction fo the first edition, the lafe Sir Nevile 
Lubbock, K.C.M.G., called attention ^o the fact that, since 
the abolition of the foreign bounties and the suppression 
of cartels by thS Internatfonal Agreement embodied 
ill the Brussels Sugar Convention of 1902, "the cjine sugar 
industry had rapi(^y oveAaken that of beet. Leawfhg out 
of the question India’s 2,000,090 tojis of cane sugar which 



INTRODUCTION 


viii 

was consumed locally, he showed in this connection that 
yhereas in 1901 the production of beet exceeded that of 
cane (the actual figures being: beet sugar, 6;2S7,903 tons, 
and cane sugar, 6,197,187 tpns), in 1309 cane sugar had 
once {fgain taken the lead, the compatative figures for 
1908--9 being: cane sugar, 7,562,740 tons, and beet, 
6,898,010 tons. 

iJuring the Great War the position of the cane in¬ 
dustry was further strengthened, the world’s production 
of cane sugar (including that of India) rising t(j 12,412,456 
toi^s in 1917-18, wliilst that of beet fell to 5,010,*133 tons, 
the European production being 4,316,016 tons only in the 
same j^ear, and falling to 2,603,480 tons in 1919-20. The 
Continental beet industry is now, howevfer, showing 5p,pid 
recovery, the latest estinvite for the 1921-22 crop being 
Vi95,000 tons, as compared with 2,618,000 tons fpr 
1919-20. It is clear, therefore, that the compe*fition 
between cane sugar ryid beet will be renewed in the 
near future—possibly in an acute form unless the* world’s 
exchanges ai'p stabilised. From «this it follows that it 
behoves producers of came sugar to continue!’ to strain* 
Bvely nerve lo retain their suprcftiiacy by tlie adoption 
of the most niodern machinery and processes^ of iflanu- 
facture, and by the scientific coiltrol of tBeir factories. 
It is here*that they will find “ The JVfanufacture of Cane 
Sugar” particularly useful. The day has*gone when 
estates proprietors cduld afford to depend on their 
managers and head overseers 4lone knowing what was* 
moving in the cane sugar worldi They must possess such 
knowledge themselvts,'and.it must also be imparted tp 
the field and factory staffs if success is to be assmt^. 
No Int'rf suitable means of imjw,rting it could be found 
than by this book. 


ALGERNON ASPINALL. 
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THE MANUFACTURE Olf 
CANE SUGAR 


CHAPTEli I 

THE SUGAR-CANE 


The sugar-cane, Saccharum officinarurn, which belongs ?o 
the natural order Graminew, grows in all tropical and sub¬ 
tropical countries,^and although it attains its best develop- 
mentln lower levek, it is stated to be capable of cultivation 
up to deratioas pf dWEK) feet. A Hot, moist climate, with a 
dry ripening season, shows the sugar-cane at its best, any 
lowering of the temperature at once affecting its growth 
prejudicially. The East.iB generall;^believed to have been 
its original home, and its presence in the West is usually 
attributed to the Spaniards, who had already received it 
from the Moors. Old yriters, however, assert that the 
sugar-cane is indigenous to •the Wes,t Indies and Central 
i^erica. Jtt any rate, the introduction of’ the art of 
sugar-maldng into Guba* and Mexico may be credited to 
rthe Spaniard^. 

, 4 j( 5 ag®^’^'Canei consists of root, stalk, flower^ and leaves. 

TOOts, which ramify fro^ t]^ base of the stem, extend 
i^^riable (distances—18 inches to 3 feet—on all sides, the 
ace depending mainly upon the condition of the soil, 
ler .permits, cane roots will penetrate to a con- 
nt, especially m search of water, Tlfe^talk 
.which vary in size and number, 6 to 6 
fjtverage length. Immediately above eachtgs 
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THE SUGAR-CANE 

is.a fair length. The main bulk of a cane is made up of 
soft sugar-containing cells, amongst which run lengthwise 
the fibrous strands, or fibro-vascular bundles. Figs. 2 and 3, 
illustrating canes cut transversely, show the arrangement 
of these bundles; ail the intervening portions represent the 
sugar-containing tissue. The fibro-vaScular bundles are 
the channels along which water and plant food from the 
roots reach the leaves, and the sugar and other products 



$'l%. 2 ,—^Transverse section of sugar-cane, showing the scattered bundles. The 
intervening portioji is mode up of the sugar-containing c^ls. 

elaborated there pass down into the stem. The principal 
conducting tubes or vessels are shown by the large circular 
(^nings in the bundle cut across and figured, highly 
magnified, in Fig. 3. The surface of the rind is coated 
to a greater or less extent with a specie^of wax, the degree 
to which this occurs forming an important feature in cane 
Olassificatir^. In the contraction just above each node are 
which roots develop during the germination 
in the sheath of the leaf at each joinlP 
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a bud appears, which forms the basis of future caneB. 
leaf springs from each joint, the base forming a sheath 
around the joint. The Woom, or arrow, which bursts from 
a sheath shooting up from the apex of the cane at the time 
of flowering, consists of large white or grey compound 
clusters, made up of countless small silky flowers. 

The sugar-cane is invariably propagated in agriculture 
by cuttings. The flowers, or arrows, contain seeds, but from 
the system of reproduction employed they have become 



to a greater or leas extent sterile. Apart>from this, the 
tendency tc, atavism, or harking back to previous<Jtype8, 
renders growth from such seed out of the question ibi 
estates’ purposes, although the rediscovered >.prf)perty of 
propagation by seed is being largely used for the devebpii 
ment pf new varieties. While cuttings, then, arq^^ijul 
variably used for planting purposes, some itt' 

practice occurs as to what portion of the' ' 

^taoost countries the top, or upper joints 
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head has been removed, is exclusively used, but frequently 
the whole cane is utilised, being cut up into sections long 



4. — Longitudinal section of Fio. 5.—Btiginning of germination of 

sugar•oano, showing course' of fihro- a sugar-cane top, showing nodes, 

vascular bundles. intornodesor joints,budsandshoath 

• of leaf, with riidimentarjw*oots. 

# •* 

eneogh to provide two or three joints for each. As 
mentiim«dL«l>Q^. each ioint contains a bud. the cermina'** 
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* ' 

• tion of which gives rise to the new cane; but as these are 
in the best condition for development in the upper or softer 
parts of the cane, tops are generally considered most 
suitable for planting. As^ however, the use of them 
necessitates either the sacrifice of the rest of the cane or 
its manufacture iifto sugar, for which the planting season 



Fia. (1.—Oorminating sugar-cane “top,” showing young shoets developed from 
the buds or “ oyoa,” and tho young roots. 

' ‘ 9 

may not lae suitable, the whole length of the stalk is used 
for plants in many instances. In either mebhod the 
“ eyes,” under suitAble conditions, spring, a number of roots 
being tjirowm out from and around the joint, which s^^ve 
to supply the young canes with-meaiis of subsistence until 
they can "put forth roots of their own. Planting is done 
'either in furrows or in holes. In the former xase, Hhe 
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“ top ” ia wther thrust into the soil at angles varying 
according to the local practice or else laid horizontally 
and lightly hnried. The rows thus formed are from 3 to 
6 feet apart, and the plants are placed at short intervals, 
from 1 to 2 feet along them. When holes are dug-»-they 
vary in distance according to the st)il conditions—the 
plants are either laid horizontally and covered, or else 
inserted in the soil as above. The sugar-cane requires a 
considerable quantity of water for its growth, but at the 
same time good drainage; and in those countries where 
there is a deficient rain supply, but where the soil and 
drainage conditions suit, irrigation is practised with great 
success. In fact, it is with a good open soil, constant high 
temperature, and control of the water supply, that cane 
cultivation is carried on under the most favourable (;on- 
ditions. • 

Although the details of cultivation vary considerably 
in cahe-producing countries, the main features arc the 
same. The soil is prepared for planting by ploughing, 
either by steam plouglie, by ploughs drawn by mules or 
oxen, or by hand-forking. .The canes are planted, and 
when of sufficient age-*-that is to say, when* from one-to 
three montj^s old—are manured. Where farmyard manure 
ft employed this is ploughetl in before planting. The canes 
as they grow are “•moulded ” from the surroitnding soil, 
so as to keep the root well below the surface, and the 
necessary weeding and tillage done. After*six or seven 
’months the cane stool ctwers*the ground sufficiiently to 
render .further operations unnecessary, and it is left to 
complete its growth and to mature. A?the cane approaches 
ipaturity the trash or dead leafage of the earlier growth ia 
removed. The usual perjod of maturity is sixteen juonths 
in the case of plaint canes and twelve months in that of 
ratoons, but in countries, such as Louisiana, where a coW 
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season exists, the period available for growth is not moire 
than eight or nine months. At the flowering season varioue 
changes take place in the juice. The proportion of un- 
crystallisable sugar is much increased, and so too is that oi 
the organic impurities. As the arr(>w,t>or flower, drops, 
however, this gradually diminishes, together with the 
albuminous and gummy matters of the juice, while the 
purity of the juice, i.e. the relation of the quantity of cane 
sugar to the other solids of the juice, increases until the 
moment of maximum ripeness occurs. When this is past, 
the cane begins to dry up, and with the advent of rains 
growth appears in the “ eyes ” and from the roots. 'Tf' 
allowed to remain longer the old cane withers, while small 
shoots appear as ramifications from its side. After the cane 
is cut, shoots appear if the “ stool ” is ^flowed to remain in 
the ground, and these form a new growth of cane. They 
are termed ratoons, and,the extent to which .a field of cane,^ 
is “ ratooned ” depends entirely upon the soil and system 
af cultivation. In rich soils the operation can be repeated 
successfully for some years. In Java, however, only 
plant' canes are grown, (losrernment regulations until 
recently forbidding the cultivation of ratoons. Ratoon 
3anes ripen earlier than plant canes, and, as a rule, have 
not the same luxuriance of growth., ' 

The soils most suitable to the sugaf-cane are clays and 
loams, which, while retaining moisture, remainnjpen enough 
bo permit of proper aeration and drainage. The sugar-'cane 
makes but "a small demand upon the constituents of the soil,' 
less than a half per cent, of its weight being abstracted in 
bhe form of mineral tnatter. Potash, phosphoric acid, and 
nitrogen,are the principal foods required, and lime, as wj^ 
nost crops, is an important adjunct. As regards the com¬ 
position of good cane soils, those of Hawaii, which tae* 
Specially fertile, contain about 3 per cent, of .potaish, from 
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•18 to 'SI per cent, of phosphoric acid, and from *17 to 
•64 per cent, of nitrogen. The alluvial cane lands of 
Louisiana contain from •OQ per cent, to -75 per cent, of 
potash, from •06 to *146 per cpnt. of phosphoric acid, and 
from •06 to •ISO per cent, of nitrogen. It is not, however, 
the proportion of the chemical constituents which deter¬ 
mines the fertility of tlie soil so much as the quantity 
available for the immediate purposes of the plant, and the 
favourable condition of the soil for the development of 
oacterial life. When the soil is light and wanting in depth, 
farmyard'manure or heavy green soiling is indispensable 
for the maintenance of the “ body ” of the soil. It is*of 
the greatest importance also, especially with heavy clays, 
that the proportion of humus or vegetable matter of the 
soil should be maintained, and to this end the “ trash,” and 
as much of the dhbris of the canes as possible, should be 
retumfed to the soil. The refuse of the cane after crushing 
—the bagasse or megass—is used for fuel purposes, and the 
trash available is not itself sufficient (especially in face of a 
tropical rainfall, which washes away the lighter part of the 
soil) to make up for the loss^if humus, “ Green soiling ” 
the growth of catch cropS-r-crops grown between the cutti«g 
and replantjng of the cane—or of rotation crops calculated 
t!b give a large amount of organic debris, is therefore 
practised where the system of cultivation p^mits. As 
regards artiflfcial manures, what are generally required for 
mantfrial purposes are assimilable forms of nitrogen and of 
phosphoric acid and potash where the amounts of these 
available are wanting. It has been already mentioned 
that the sugar-cane requires good drainage, and to meet 
tropical conditions of rainfall the open d*ain system is 
almost invariably employed. In those countries, such as 
British Guiana and Louisiana, which are below the level 
of the sea or river, the drainage water has to be pump<s# 
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away from the estate, though sometimes the fall of the tide 
is utilised for this purpose. 

The proportion of the constituents of the sugar-cane 
varies considerably, but the following may be taken as 
giving a rough idea of the general comp#sition of the cane 
as cut:— • 


Water ..... 

from 69 to 

76 per cent 

Sucrose. 

8 „ 

16 „ 

Uncrystallisable sugar 

trace „ 

2 

Fibre. 

from 8 „ 

16 „ 

Ash ...... 

„ 0-3 „ 

. 0-8 „ 

Organic matter other than sugar . 

„ 0-5 „ 

r „ 

Containing nitrogen . 

about 0-02 „ 

0-06 „ 


The composition of a particular cane varies considerably 
according to climate and soil. A description of cane ^hich 
gives a rich juice under certain conditicps would give a poor 
juice under others. The lower joints of a cane contain 
richer and purer juice than the upper or less ripe “joints. 
The yield of cane varies greatly. In the deep volcanic 
loams of Hawaii, assisted by irrigation, as many as 100 tons 
of rich canes per acre have been olJtained. In Java, where 
plant*canes only are reaped, and the crops alteriiated with 
riee and beans, 30 to 40 tons form* an average return. In 
the West Indies 20 to 30 tons per acre are nornjally grown, 
although heavy yields are obtained under exceptional con¬ 
ditions. 

The purity of cane juice, i.e. its freedofti from con¬ 
stituents other than sugar, depends upon itS degree oft:ipe-^» 
ness. Affe the arrowing Seascto, in which there has been 
an intense manifestation of vitality, and a'ncrticeable 
increase in the impurities and the uncrystallisable sugar 
of the jjiice, the latter decreases in quantity, while the 
crystalHsable sugar increases. At the same time, the pro- 
. portion of other organic and saline matter dirjinishes. As, 
Ifbwever, the maturity of the contents Of the individual 
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joints is le^ towards the upper part of the cane, a condition 
of perfect ripeness is never found in the cane juice as 
expressed id manufacture. In composition the uncrystal- 
lisable sugar of cane juice is not distinguishable from other 
members of the Ijexose class. It is soluble in watar, and 
possesses the maximum reducing power on oxide of copper, 
but it is doubtful whether it has any rotatory action on- 
polarised light. Canes, however, which have been injured 
or which are over-ripe contain ordinary invert, sugar as 
well. The fibre of the cane does not consist entirely of 
ordinary cellulose, but contains a considerable percentage 
of “ xylan,” or wood gum. The rind contains a large 
percentage of silica. The soluble organic matter found in 
the juice consists,of a certain amount of vegetable albumen 
and pectin, or vegetable gum, the latter of which imparts 
the gummy characlcr noticed in many unripe or badly- 
cultivated canes. This, however, must not be confused 
with the gummy character developed in cane-juice products 
by fermentation. The mineral master of the cane consists 
of potash, soda, lime,.and iron as sulphates, chlorides, 
phosphates, silicates, and organic salts, the latter playing 
an important part in sugar manufacture. 

^ large number of varieties of canes exist, but much 
Complication has ariseq from different names having been 
applied to the sameVariety in different countries. Perhaps 
the best classification is that given by Stubbs, who divides 
the known varieties (ap.art from seedlings) into— 

(a) White, yellow^ and green canes. 

Striped canes. 

(c) Canes with solid colours other than (a). 

, Typical canes of (a) are the White Transparent and the 
Bourbon. The former of Jihese is also known as th e Crystal¬ 
line cane, the Green cane. White Java, Rappoe, Caledonian 
Queen, Light Java, Mont Blanc, and Rose Bamboo; whSC 
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the latter has for its homologues the Bamboo', Lahaina, 
Otaheite, Fortier, Keni-Keni, and Lousier. 

The Stnped Tanna represents (6), and is probably 
identical with the Bed Eibbon, Cheribon, Java Yellow, 
Violet.Batavian, and Otaheite Jiibbon;» and (c) is char¬ 
acterised by the Bhck Tanna, with which the Louisiana 
•Purple and Black Java are closely allied. 

During the last ten years a new field of research has been 
developed in the rediscovered power of propagation of 
canes from seed. By this means an enormous number, 
running into hundreds of thousands, of new varieties have 
been brought into existence and cultivated with the view 
to the discovery of a cane which is superior to known 
varieties. The tendency, as mentioned ^bove, with, canes 
grown in this way to hark back to t^pes from pre’wous 
fertilisations, is so great, that the sowings from a single 
bloom or “ arrow ” may produce al m ost as many difierent 
varieties as seedlings, and by careful selection, chemically 
or physiologically, new^ varieties of cane of considerable 
promise have been grown. The .depreciation .in recent 
years of the Bourbon, which ^ health exliibited excellent 
alLround qualities as regards cultivation and manufacture, 
has led to the need of substitutes where its cultivation has 
had to be abandoned, which, while representing its pask 
good qualities, will be free from the liability to disease and 
the attacks of pests which the Bourbon has lately shownt 
Considerable jvork has been done in this dimction.’and, in 
the West ‘Indies especially^ large areas are planted in 
“ seedling ” or the new varieties of canes. The sysj;eqj under 
which these have been raised has generally been for the 
young seedlings to be grown and subjected to careful 
selection* by cultivation and chemical selection-in t£e 
botanic stations. Those which show promising results, 
ape then distributed to the estates, where thej^ are further 
tested iffider the' estates’ conditions of cultivaticn. The 
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best are then selected and extended. As the result of an 
enormous amount of foil, a couple of dozen, perhaps, of new 
varieties of Cane are in general cultivation, yielding well and 
showing great powers of resistance to disease. Attempts 
are now being ma^e to effect rtie cross fertilisation of known 
varieties. These promise to be successful, and in conse¬ 
quence the work of experimentalists in this direction will, 
be considerably simplified. • 

The sugar-cane is liable to the attacks of both insect 
and vegetable pests. Several varieties of “ borers ” which 
attack the bane are known, the principal of which is the 
“ moth ” borer. The eggs are laid on the leaf of the caine, 
and the caterpillars from them find their way through the 
softer part of thq rind near the joint, excavating tracks in 
the interior. Another borer commonly found is the shot- 
borer, a beetle wki^ makes small shot-like holes in the rind 
of the cane. The main damage, however, is done by the 
moth-borer, fungus pests finding their way through the 
holes made by it, thps catising'growths which spread 
throughout the body of the cane. The boring beetles are 
only supposed to attack canes which have become diseased 
in this way. The browij har3-back has of late, particularly 
in Mauritius, been productive of much damage. 

• The fungoid diseases of the cane are many, and roots, 
stems, and leaves aire all liable to become attacked by their 
especial enemies. It may be taken, however, that a healthy 
^n «—& cane .which has its proper rind strength, and is 
coWtitutionally sound—^wjll njat be subject to those diseases 
to any^coBisiderable extent. Directly, however, the health 
of the cane suffers from any cause,.it becomes liable to 
disease. The principal diseases of this ^description by 
which sugar-cane has been attacked in recent yeats are the 
rind and root fun^s, so prevalent in the West Indies, the 
Sereh disea^ of Java, the gumming disease of Mauriti\jg, 
and the mosaic disease. The rind fungus iS so called because 
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it makes its appearance at a late stage in the tom of dark 
discolorations in the rind. In the root fungus the canes 
gradually die from destruction of the roots liy a fungus, 
which appears covered over with dark red spots. In the 
Sereh.disease there is a general dwarfing ^f the plant, with 
reddening of the staJk and tissues. In the gumming disease 
growth ceases, the leaves turn yellow, and the fibro-vascular 
portion becomes chained with a yellow gummy matter. 
With the mosaic disease, the leaves become mottled, and 
exhibit symptoms of chlorosis, the stool ultimately dying. 

The reaping of the cane is invariably done by hand, the 
lukuriant habit and recumbent tendency of most of the 
varieties profitably cultivated rendering machine reaping 
a matter of extreme difficulty. The knife used for cutting 
is a cutlass or “ machete,” which forms a handy tool for the 
purpose. The cane is first severed from the root as low 
down as possible, the upper part, which is unfit for grmding, 
cut ofi and the lower part divided, if necessary, into lengths 
suitable for loading and grinding—generally of about 4 feet. 
The cut canes are then transported to the mills, either by 
cartsdn the case of small factories, or in waggons by the 
ttfim or railrbad system. In British Guiana and the Straits 
Settlements, water carriage Is employed, flat-bottomed 
barges or punts being used, drawn by mules or oxen. Ill 
hilly countpries rope transport is frequently used. 

With reference to the employment of l^ht railroad 
systems, it i^ important to mention that the greatest* cate 
and attention should be de^^oted to a judicious selection of 
the best and most suitable t 5 q)e and gauge of railrroj.d to be 
adopted for any given locality. This gauge, when finally 
selected, to be pniversally used throughout such locality wi^h 
the obyious object of ensuring maximum facilities of trans¬ 
port, and interchange of locomotives %nd cane-waggons,- 
•aiqiled with a minimum expenditure on new conpections 
and juilcfions, as well as repaira and general up-ki^p. 



CHAPTER II . 

THE CRUSHING OP THE SUG^R-CANES A*.„ 
EXTRACTION OF THE CANE JUICE 

The sugar-canes having been cultivated, reaped and con¬ 
veyed to thd sugar factory, the sugar, in the form of cane 
juice, has to be extracted from them, and the extent *to 
which such extraction should be pursued has to be deter¬ 
mined. The ampunt of contained sugar may vary, as 
juga'r, from 8 per cent, to 16 per cent, of the weight of the 
jane-plants, althou|h, foitunately, the lower figure is very 
rarely.seen; or, if estimated as juice, from 84 per cent, to 
92 per cent, on the same weight of these plants. Is then the 
whole, or only a portion.of the sugal! to be extracted ? On 
the impulse of the moment, it might appear to most people 
that every particle of juice procurable should be withdrawn; 
and, taking into consideration the time, labour, and ex¬ 
pense which have been sjfent on the cultivation of the 
plants, it does at first sight seem to be a shortcoming not to 
obtain the full fruits of past efforts. Much depends, how¬ 
ever, upon the state of the sugar market, and the consequent 
pric® obtainable for the finished product.,, Possibly, in 
time to come, when the question as to the best-treatment 
of resid^aj^ and by-products is amplified and perfected, and 
wider market-areas have been found for their sale, a stage 
may be reached when maximum extraction will be re¬ 
garded as imperative. Undoubtedly the attainment of this 
goal of perfection would tie highly satisfactory, and would 
close the doftr to much unprofitable and partially-formed 

16 
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criticism which is frequently lavished on the colonial sugar 
industry. It would also ensure a maximum return upon 
the expenses of cultivation, which is otherwi^ Only partially 
realised. In some localities, where special conditions 
prevail, these questions concerning exti;fkction have in the 
present day to be.most carefully considered, and a limit 
has scientifically and commercially to be fixed beyond 
which it is not desiraWe to proceed. Notwithstanding the 
perennial existence of the above considerations in many 
sugar-growing countries throughout the world, there is an 
evident determination in some quarters, wh/re conditions 
titore favourable to complete extraction exist, to press the 
question of exhaustive extraction to its full limits, and 
accessories of various descriptions are being empleyed 
towards the consummation of this im^rtant and desirable 
object. The use of old appliances, which had fallen some¬ 
what into disuse, has been revived, together with the in¬ 
troduction of additional machinery of a novel description, 
all of which will be ndted in the proper place; and nowa¬ 
days an average extraction of some 97 per cent, to 98 per 
cent.* of the sucrose in the caiie is obtained with large and 
powerful mills assisted by both old and novel accessories— 
and one factory is claiming aif extraction of 99-6 per cent, 
of the sugar'in the canes in the form of juice, and another , 
reports am extraction of 98-99 per ceSit. Moreover, it is 
necessary to determine the precise method of extraction 
which is to |?e adopted, and to decide whether ft ift pre¬ 
ferable to*employ force, as.jvoiy[d be the case with the usd 
of cane-mills, assisted in many cases by what is, termed 
“ maceration ” (saturation of the megass with water), or 
whether the ^ency of the natural law of osmosis, which, ’ 
govern^*the operations of the various branches of t£e 
diffusion process, should be relied upon. Fortunately for ■, 
mgar-planters, the respective apparatus used In connection* 
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with both of these systems has been brouglit to a c.onsuier- 
able pitch of efficiency, and innch exj>erience of the greatest 
importance h&s l)een gaine.d of late years. Premising, then, 
that the use of mills seems so far to be preferred, a brief 
description must bs given of the earlier and later forms of 
these extractors, which are offered by engineers for the; use 
of sugar manufacturers. At the same time it should here 
be noted that the question of the resuscitation of diffusion 
is likely once more to come to the front. 

In the earliest periods of sugar-making, wlien it was in 
all probability barely a commercial industry, the most 



Fi«. 7-—M«>dornisc*(l form olcmoniAry vortical mill. 


primitive mechanical meg,ns of extraction were employed. 
•Tjyo or three vertical Vooden rollers, contained add held in 
position by a avooden Tramework, were turned by a long 
horizoi^tar lever,.which was pushed or pulkidJby men or 
animals; and the passing of.tliQ'canes between tlfbse rolls 
brought ^ovjt an extraction of the contained juice ranging 
from 30 per cent, to 40 per cent, of the latter on any given 
weight of canes crushed. In some of these primitive 
machines no toothed gearing of any kind whatsoeves was 
employed. In the two-roller mills one of the rolls was 
turned directly^ by the long lever, and the inserted canes 
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caused the other to revolve on its axis in the rule of a moving 
support against the administration of pressure. Later on, 
simple devices were added for the purpose of ensuring a 
more harmonious relationship between the movements of 
the respective rollers, aiid at a still later period improved 
forms of these eJementary vertical machines were con¬ 
structed, chiefly of ironwork; and Fig. 7 shows the 


Fro 8.- A horizontal canc-mill worked by animal powor. 

* • e 

modernised form of such a cane-mill, with three rolls, which 
is still occasionally used in partially developed countries. 

In course of time it was perceived that if the rollers were 
placed in a*'horizontal instead of a vertical positio^t,^ the 
operation of feeding the cane? into the mill could be con¬ 
ducted with greater convenience; .and almost ecjually 
primitive apparatus were constructed out of wood on 
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horizontal lines, with a simple form of additional gearing 
for convertin^g the prime vertical movements into horizontal 
motion. In its turn, this form of cane-mill was also made 
of metal (see Fig. 8). This evolution was speedily followed 



■ • -- — 

Fio. 9._A wiiid-drivon cane-mill on 'ITiibou’e estate, Antigua. 


by a ^arch for the best means of dispensing, wherever 
poteible, with man and animal power as prime movers, 
and windmills and watei*wheels were attached to’the,se 
vertical and horizpfital mills, thus enlisting the aid of the 
natural forces of wind and water, and a higher pergentage 

A a 
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of juice extraction was thereby attained, the latter now 
ranging from about 40 per cent, to 60 per cent, of obtained 
juice on any given weight of canes crushed. J'igs. 9 and 10 
show respectively the main features of the more modernised 
arrangements for driving such mills by either wind or water. 
These ever-changihg and rapidly-varying forces of nature, 
however, proved themselves to be fickle and uncertain 
sources of reliable assistance, frequently failing to put in an 
appearance when most needed for the disposal and manipu¬ 
lation of the cane crop. Again, at uncertain intervals, 
t^e gurgling streams would become raging torrents, occa¬ 



sioning lively and inconvenient excitement in the nei^h-i 
bourhoodf of the water-wheels; or the equable breezes in¬ 
creased to roaring gales, which would conofpletely lift ofi 
the tops ahd sails of lofty and elegant* windmills; with 
serious concomitant dan^rs4o life and property. But 
although these mishaps had to be put up with) as mere 
possible incidents and risks in the routine of a planter’s life, 
they tended to create a desire and a further search for some 
othef and more reliable sourcq of power. 

In the meantime, steam had become recognised as a 
more sure though more elaborate motive force; and as the 
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appliances and materials necessary for the construction of 
the modern forms of cane-grinding machinery had multi¬ 
plied and iniptoved, it was found possible to employ the 
steam-engine as a prime mover. It was Assisted by some¬ 
what elaborate gearing which served as a medium of com¬ 
munication and transmission of power between the engine 
and the rolls of the mill, simultaneously modulating the 
more rapid revolutions of the engine to the slower rotary 
motion of the mill rollers. To this day, with greater or 
less elaboration, and with fewer or more numerous parts, 
these three combined elements—the engine, the gearing, 
and the mill—^form the principal component parts of 
modem cane-crushing appliances. 

It^is now therefore necessary to examine the charac¬ 
teristic features of thg aboi^e elements, and to point out their 
respective functions; considering next their combination as 
a complex whole, in the form of a complete modern cane¬ 
crushing plant, and then dealing with their accessories, 
modifications, and amplifications. 

Fig. 11 shows the prime mover which is now most 
generally employed to rotate the cane-crushing^rollers! It 
is a mechanical agent with which everybody is nowadays* 
thoroughly ^miliar, and, as illustrated in the.se pages, it 
,w?ll be recognised by the majority of readers as an old 
acquaintance which heeds no further introduction and no 
elaborate expfeination either as to its technical details or its 
movements; If is, however, a separate and independent 
machine,and the initial elementof a complete •ane-crushing 
plant; aad it should especially be noted that at the end. A, 
of its crank-shaft a strong steel pinion is always fixed, 
wlpch is known as the crank-shaft pinion; which, tljpugh it 
would appear in this illui^.ration as a part of the prime 
moving arrangements, is nevertheless also seen in the 
combined plant under the role bf the first-motion pinion, A,' 
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of ihe gearihg (Fig. 12). That is to say, this important 
del ail may be dealt with under either of the two synonymous 
terms, “ The’Crank-Shaft Pinion of the Engine,” or “ The 
First-Motion Pinion of the Gearing.” It is, in fact, the 
connecting link between these first and second elemeqts of 
a complete plant; and the above references to it serve to 
introduce the second element. Fig. 12 indicates this com¬ 
pound gearing and illustrates its mafli features. To many 
people its use and necessity, as the second element of a 



Fig. 12.—Cho main foaturo» of the coiniKiund gearing of a-cann-mill 


complete plant, will be at once apparent after*a cursory 
examination.# The engine, or first clement, is the embodi- 
menWmrl representative of higher speeds and mpre moderate 
forces; and for the purposeg of ^cane-squeezing these initial 
forces apd speeds have to be converted into much greater 
forces acting at slower speeds. This change, without 
altering the total amount of initial power ^gendered, is 
ejected through the agency of the gearing now untl§r con¬ 
sideration. * 

The cranlf-shaft pinion at A, in Fig. 11, otherwise (aa^ 
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complete plant, will be at once apparent after* a cursory 
examination.. The engine, or first clement, is the embodi- 
mentrfind representative of higher speeds and mpre moderate 
forces; and for the purpose^ of cane-squeezing these initial 
forces aj^d speeds have to be converted into much greater 
forces acting at slower speeds. This change, without 
altering the total amount of initial power engendered, is 
ejected through the agency of the gearing now un&§r con¬ 
sideration. 

The cranl^-shaft pinion at A, in Fig. 11, otherwise (aa*^ 
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already explained) the first-motion pinion A, in Fig. 12, 
turns round at a rate of, say, forty-eight revolutions per 
minute, and gears with a fairly-sized spur wheel, B, some 
four times larger in diameter tlian the pinion. This wheel 
is called “ the first-motion wheel ” of the gearing, and the 
combination results in a speed for it of, say, about twelve 
revolutions per minute, and it is fixed upon the first-motion 
shaft, C, of the gearing. Side by side with this wheel, B, 
and upon the same first-motion shaft, C, another pinion, D, 
called “ the second-motion pinion,” is fixed, which in turn 
gears with the last and largest wheel, E, of this combination 
of gearing-wlieels known as “ the second-motion wheel.” 
The latter will be fully five or six times tlie diameter of D; 
and E will thus revolve at a rate of about two to two and a 
half revoluticAis per minute. 

Ihe respective proportions of the above wheels and 
pinions vary considerably in different plants, their diameter 
being subservient to the varied views and experiences of 
the different constructors and purchasers; but the crux of 
the problem lies in the satisfactorjsattainment of a suitable 
speed for this second-motion jvheel, E, which is-fixed upon 
the second-motion shaft, F. As -F is directly connected 
with the top roller gudgeon, J, of the cane-mill (Fig. 13), 
and therefore turns at precisely the same rate as the mlil 
rollers, it Will be recognised that the details of the gearing 
are so arranged as to ensure the proper number of revolu¬ 
tions which the mill rollers are intended to make. Thus, in 
the above example the canQ-mUl rolls also turn at the rate 
ol about two to two and a half revolutions per miniite. 

It should here be mentioned that, as the speeds decrease, 
the strength .and pitch of the gearing-wheels increase, a 
circumstance which chiefly accounts for the greater strOTigth 
and size of the second-motion wheels as^compared with the 
'similar details of those of the first motion; anS it must now 



CRUSHING AND EXTRACTION OP THE JUICE 25 

V. • * 

agai^ be pomted out that the end of the second-motion 
shaft is connected directly to the cane-mill through the 
agency of the loose coupling H (Fig. 12). 

A very brief consideration of the important question of 
mill roller speeds «vill now not be out of place. Much 
thought, and the results of extensive prafctical experiences, 
have been brought to bear upon this important requirement 
of a proper surface speed for mill rolls, and much has been 
pertinently written on the subject of “ Low Speeds versus 
High Speeds,” and vice versa. Theoretically speaking, 
low-speed rollers should apparently give a more prolonged 



Fia. IJi.—Cano-mill, with hydraulic a}»paratuH applied to the megasK roll. 

squeeze to any given sectiod of the cane under pressure, 
^ccwpled with a better chance thus afforded to its contained 
juice to escape from the cane cells into the mill-bed, thereby 
minimising th« ever present evil of re-absorption. In the 
^ daily tnahipulation and use of a cane-grinding, plant there 
ate, however, many points which demand full reexagnition, 
and exisj^ng preferences may be regarded as a compromise 
^ which tends impartially to meet the aggregate of all these 
re<juirements without giving undue promiqpnce to any 
particular member of the group. Notwithstandin,g the 

above theoretical considerations, it seems evident that 

• ... 

nowadays higher speeds, combined with thinner feeds of, 
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canes, have been gaining the ascendancy on many sugar 
estates, and the details of construction of many of the most 
modern plants are usually found to be in accordance with 
this desire for higher rather than slower speeds. There is, 
however, in certain quarters, an evident preference under 
certain circumstances for a return to slower speeds, more 
especially with reference to the regulation of the speed of 
the later mills of a multiple-unit set' of mills. It is un¬ 
necessary now to enter further into this particular point, and 
it will Suffice to have touched briefly on present tendencies. 

It is now therefore desirable to describe the cane-miU, 
which is the third element of the complete plant, and thus 
return to the point H in Fig. 12. The end F of the second- 
motion shaft of the gearing is connected, through the 
medium of the tail-bar G and two lar| 5 e loose couplings, H 
and I, with the top roller shaft or gudgeon, J, of the mill 
(Fig. 13). These two couplings H and I are purposely made 
to fit loosely upon the ends of the three shafts F, G, and J, so 
as to accommodate tfe varying,vertical positions assumed 
in the course of a day’s work by the mill top roller, K, such 
comparatively slight variations in position being due to 
•corresponding variations in the quantities of caneb which 
may be under pressure at any*given moment. ^ The tail-bar 
G is very easily removed and replaced when necessary, 
more so in fact than any other mafn detail of the mill 
gearing; and advantage is frequently taken of this con¬ 
venience by making the middle section of'the tail-bar of a 
somewhat lesser resisting power than is to be found in arty 
other detail of the plant; so that, in case of .sudden and 
undue strains, this easily handled tail-bar will give way 
under guch strains more readily than any other part of the 
apparatus. This advantage is usually sought by a reduc¬ 
tion in diameter of the middle section of the bar, as 
■ indicated at G ,(Fig. 12); and by this device* a safeguard is 
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readily and economically provided against the possible 
breakage of other more expensive and less accessible portions 
of the machinery which might otherwise take place. 

Upon examining Fig. 14, it will be perceived that this 
third element of the simpler forms of a cane-crushing plant 
more prominently consists of three roHers, J, L, and M, 
mounted on powerful “ gudgeons ” or shafts, held in their 
relative positions by two massive steel or cast-iron head- 
stocks, 0, P, which sit upon a strong bed-plate, X. These 
hcadstocks are often referred to as the side-cheeks of the 
mill. The relative movements of the three rollers are 
maintained by three massive steel pinions, fixed one on tKe 
inner end of each roller gudgeon, and the canes sliding down, 
the f^-plate D enter the rollers at Q and emerge at K, 
in the form of well-cj;ushed and heavily-pressed “ megass,” 
which, by virtue of the pressure to which it has been sub¬ 
jected, has been deprived of the major portion of the juice 
which the canes originally contained upon entering the 
mill. A further examination of the’illustration enables one 
to realise that the totabpressure administered is the sum 
arid effect of two successive squeezes. The canes enter the 
opening Q, between the’rollers L and J, and are partially 
crushed. Passing beneath this top roller J, they are 
supported and retained, as a compact and comparatively 
non-resilient mass l)y the tr^sh-tumer T until they reach 
the point S, when they pass between the rollers J and M, 
and stre thus subjected to the second and final squeeze ad¬ 
ministered by a three-rolles cane-mill. Fig. 15 Shows the 
effect produced upon the canes by the double squeeze; and 
it should be mentioned that the crushed and exhausted 
c^nes are known as “ megass,” which is seen ki thisOustra- 
tionatN. , 

The trash-turner, T, is a most important detail of a 
cane-mill.. It is of great strength; and its dead upper*^ 
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surface, over which the partially crushed canes are pushed 
and dragged, is usually kept as narrow as possible in the 



direction of the forward movement of the canes. Although 
"Sits employment entails the expenditure of additional power 


Fio. J4.—A section of a cane-crushing mill. 





showing the effect of the double Squeeze 
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which would otherwise not be expended, it renders never¬ 
theless important services in return for such expenditure. 
Whilst acting as a necessary support and conveyer for the 
partially squeezed canes in their passage from the earlier 
to the later pressure, it also appears satisfactorily to make 
good and perpetuate the results of the work already per¬ 
formed by the front and top rollers L and J, and, if properly 



Fifl. 16.—A two-rollor mill. 


constructed and correctly placed, minimises re-absorption, 
and keeps the canes undfer treatment in a compact and 
orderly mass, and thus passes them on in sucB a%rm and 
manner as will tend to ensure the maximum of beneficial 
results from* the second and final squeeze. * 

Much attention has, of late years, been paid to the 
design and construction of trash-turners, find they have 
been the focus «,nd subject of numerous recent natents and 
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special endeavours to confirm and establish their usefulness 
and indispensability; to increase their strength, stability 
and durability ;.and to minimise the drawbacks of their com¬ 
parative inaccessibility by considerable alterations to their 
general form, methods of support and adjustment, together 
with readier means of general control, which have culmin¬ 
ated in removing the major portion of the hitherto serious 
drawbacks which have consistently*attached themselves 
to the use of this troublesome detail of mill-construction. 



Fio. 17.—A complete cane-grinding plant. 


Many devices and munerous re-arrangements of the mill 
rollers have been offered for ^he use of colonial sugar manu¬ 
facturers, which have sought successfully to supplant the 
trash»turner. Suffice it, however, for the present to point 
out that one of the most obviojis of these devices’ is shown 
in Fig. 16, in the form of a two-roller mill which is in use 
in various sugar-growing countries. Each unit of this 
apparatus gives but one squeeze, and two such upits are 
customarily used as substitutes for one three-roller mill in 
order to give the ^me number of squeezes through the 
alternative agency of either form of mill. These two-rojler-’' 
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mills are sometimes used in succession to the primary 
-employment of a three-roller mill, and in siich cases they 
serve to administer subsequent pressure which may be 
applied to the megass under treatment. 

It should be pointed out that the joiimals of the roller 
gudgeons are supported and held in their relative positions 
in the mill headstocks by heavy brass or gun-metal bearings, 
U (Fig. 18), which are often jacketed for the reception 
and passage of circulated cooling water, which aids the 
customary lubricants that are always applied to t^e inner 
surfaces of these bearings for the purpose of keeping both 
journals and bearings as cool as possible. Sometimes the 
bearings are also furnished with additional channels which 
provide for the injection of lubricants un^ier pressure. The 
top roller, together with its journals and bearings, is con¬ 
veniently held in the vertical gaps located in the upper 
portions of the headstocks. The two side rollers and their 
similar accessories arc placed in horizontal gaps at either 
end of the lower porffons of these same headstocks, the 
relative rectangular divergence of these respective positions 
of the upper and lower gapsjieing necessary for the ready 
jre-adjustment, removal, and replacement of either' of the 
rolls without disturbing the'others. The bottom roller- 
bearings are of special shape, anji are kept in place and 
proper adjustment by a unique arraftigement of massive 
caps and bolts as shown at V. Attention should be called 
to the great, strength of the top mill caps, -W, the* holding- 
down bolts of which pass in,a vertical direction through the 
entire depth of the headstocks and bed-plate. , Beyond 
this point they are prolonged through the heavy mill 
timbers. Upon these, each element of the cane-crushing 
plant is usually placed, and under the bottom side of them 
heavy steel washer-plates are suspended; through them the 
above bolts also pass to receive their large'brass botto^ 




nuts. By this means the bQlts and caps are held down; and 
their strains distributed over the largest possible area of 
the foundations. 








Fig. 19.—Complete cane-grinding plant driven by a water-turbine. 
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The two headstocks, 0 and P, as already mentioned, are 
supported by^the mill-bed, X (Fig. 14), to which they are 
firmly secured, and this mill-bed is arranged and shaped so 
that it will receive and collect the expressed cane juice. 
It is held in position by ])owerlul foundation-bolls of c,on- 
siderable length, wliich, passing t.hrotigh the timbers, 
protrude to a considerable depth through the massive 



Kia. 20.—ConipluU- uaiiu.^rindirig filaut driven by an electric motor. 

masonty or brick-work which forms the sub-fomidation for 
the entire plant. Both the engine and gearing‘are also 
similarlyesecured and held in place. Figs. 56 and 57 still 
further elucidate the major portion of the above details in a 
mtyiner that will be readily understood. • , 

Many other interesting details, besides those already 
described, might be.singled out and copimented upon with 
regard to their respective relationships, to the engine, 
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gearing, and mill; but for the present it should sullice to 
call further attention to Figs. 17 and 18, which show the 
above three elements combined as a complete cane-grinding 
plant, indicating their relative positions and functions, and 
exhibiting their numerous details. Ihese illustrations, 
taken in conjunctisn with their predecessors, should enable 
• readers to form a fairly close acquaintance with the 
rudimentary form and arrangement of all modem cane¬ 
grinding plants, whether loaded with numerous accessories 
or kept down to the poini of extreme simplicity; and these 
various accessories will now be described--the question of 
multiple mills and their working being subsequently dealt 
with, and the comparat ive value of the respective results 
obtained in connection with the extraidion of the canc 

t 

juice from the sugar-canes by the enjployment of diverse 
and more complicated forms of these agencies considered. 
In order to complete reference to the various prime movers 
used to drive the smaller sizes of cane-grinding machinery, 
the reader is referred £6 Figs. 19 and 20, in which it will be 
seen that a turbine, Y, may be vtsed when convenient in 
place of a water-wheel, or ac electric motor, M, in place 
. of a steam-engine. 



CHAPTEli III 

ACCBSSSORIES AND THEIK TONCTIONB 

Phe various accessories, which can be added as desired, to 
:,he elementary cane-crushing plant just described, have 
aow to be considered. Strictly speaking, an “ accessory ” 
is that which belongs to something else as its principal, 
icting in support of this principal without being indis¬ 
pensably necessary; and in the case of small-sized cane- 
mills one frequently finds them being used without the help 
of any of the accessories now about to be explained. For 
instance, there are cases in which the canes arc fed into the 
mill rolls by hand, without the aid of a cane-carrier, 
similarly the megass is ren)oved by hand from the mill, in¬ 
stead of by "means of a megass carrier or elevator. Some¬ 
times, when the position »f the mill in relation to the boiling- 
louse permits, the expressed jjiicc runs from the mill to the 
darifiers by gravity, and a juice-pump is thus dispensed 
s'ith; and preliminary cane splitters and crushers have in 
oast times been regarded by some planters as comparative 
uxuries. Maximuni simplicity can, however, only be re¬ 
gained by a considerable sacrifice of maximum efficiency; 
ind i® order to« maintain the latter, and at the same time 
iconomise the employment pf inanual labour, it isxlesirable 
vhenev^ possible to adopt most of these accessories. But 
vhen the mills exceed a certain size and capacity, many of 
hese appliances cease to be accessories in the strict inter- 
netation of the term. They then become virtual necessi- 
ies, and, as such, aje founci to be in use in all sugar factories 
>f even moderate size and completeness. 
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accessory, which, provided no unloading iiiec!ianical 
appliance is employed, is the first mechanical ap])liance 
with which the canes are brought into contact upon their 
arrival at the, factory. It takes the 5 )lace of a gang of 
labourers who wouild otherwise be feeding the canes direct 
into the rollers by hand, and it enables the feeding of the 
mill to be performed in a regular and efficient manner. It 
consists of a strong wood or iron framework of considerable 
length, the initial pi;rtion of whicli is level and fixed at a 
suitable height above the ground or water lc''el, as s.-en at 
AtoB. Along the upper sui'i nes of lids ffiv d lecel frame 
a slowly moving and continuous apron is arrai.ged whicl is 
always travelling in the ditection A lo I., on to vdiicji the 



U 

I’kj. 21.' (if frurnewoTk (»f a ('aric.(*urri(»r. 


canes arc thrown for transmission to the mill rolls. It is 
chiefly at this stage that the can^s are suitably arranged, 
both as to quantity and uniformity,‘thereby ensuring an 
even supply of the material to be operated upon in such 
a form as to promote the efficiency of the work de-ne by 
the rollers. 

. A stationary “ dividing board,” or plate, placed 
lengthwise along the centre of the horisiontal portion of the 
ttavelljng-apron A, B, has a most beneficial elTec'b to the 
extent of a 10 per cent, to 12 per (;ent. increase in the 
amount of work performed by any given mill. It is- im¬ 
portant for the canes, more especially the lower layers, to be 
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\a\<\ ^en 5 ^Wvse■ upon t\vc carnet m as Tegu\at a manuct as 
possible, and this dividing plate appears to ensure a close 
and sufficient!}^ practical approximation to this desirability 
without any serious elaboration'of appliances and without 
any increased speaial attention on the part of the workmen 
in attendance upon the carrier. It k, in fact, an ever¬ 
present self-regulator of the approximately correct position 
of the canes, and should hang from tlic roof of the cane- 
carrier house and l)e steadied by a rear .ittachmcnt to 
the outer end of the carrier, and a carefully designed 



—Side loii of a comjjlulu canc-cari’ier 


and constructed dividiiig ]date is well woilliy of more 
than ordinary passing attrition. 

The level portion of |Iio cane-(!arrier can be made of any 
length requisite fot the convenient manipidation of the 
canes under varying conditions, and in cases in which they 
are lirought from the fields to the factory by mil, the truc^ks 
are run on branch lines along either side of the carrier, the 
•janes Iffing then c-onveniently pushed out of the trucks on 
to the travelling apron, eithei' by liand or mechanically. 
Where water transport/ is employed, t lu^ cane,-(;arrier stands 
within a large dock, and the punts are floated alongside the 
carrier, the canes being tlirown by liand, or lifted bodily in 
large masses and deposited upon t he travelling apron by- 
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means of very ingenious mechanical contrivances, which, 
as with the truck system, have for their object the saving 
of manual labour and the convenient manipulation of 
enormous quantities of canes at low cpst. 

Keferring again to figs. 21, 22, and 23, it will be 
noticed that at the point B the carrier inclines upwards to¬ 
wards the point C, thus elevating the canes to the height 
requisite for their ednvenient insertion between the mill 
rolls; and it is at the latter point that the cane-carrier joins 
the cane-plate, or feed-board, D, of the mill. This feed- 



plate will also be readily recognised in each of the illustra¬ 
tions of the mill which have already appeared, and its 
function as the connecting link between the cane-carrier 
and the mill will be fully realised. A downward change 
in the direction of the canes takes place at the point C, 
and the feed-plate D approximately slopes at a tangent 
common to the circumferential surfaces of the two rolls 
which administer the first squeeze of the canes. Great 
attention should be paid to the correct placing of the feed- 
plate U at an efficiently working slope, and the precise 
angle at which it ought to be fixed will vary more or less 
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according to the class of work it is required to perform 
whether with canes or single or multiple-crushed megass. 

It is now desirable to give a concise and general de¬ 
scription of the details of construction of the above carrier 
together with some explanation of the manner in which i1 
receives its motion. E is a pitch-chain wheel mounted or 
the outer end of the gudgeon of the cjAie roller. It com¬ 
municates its motion, through the agency of a strong pitch- 
chain, to the upper pitch-chain wheel, F, fixed on the carrici 
driving shaft, G, upon which are also fixed two open double 
and single link chain cant-wheels, which occupy theii 
correct position between the upper side-boards of the 
carrier as seen at S. A friction clutch, J, is also mounted 
on the driving shaft, G. At the far end. A, of the carrier 
another shaft, H, is fixed, furnished with a pair of cant- 
wlieels, X, corresponefing with those at S, and around these 
four wheels travel two strong endless bands of steel links, 
V, to which are attached cross slats of wood or iron, L, thus 
forming the slowly travelling apron* br table on to which 
the canes arc thrown. -By these means a continuous 
conveyer is furnished which can be instantly started or 
stopped*at will through the agency of the friction clutch, J, 
at which a labourer stands for the purpose of controlling 
the supply of canes to .the mill rolls. The chains and 
slats, L, of the upper*and advancing portion of the carrier 
are supported either by runners or bearing-wheels, shown 
at K;*the lower and returning portions being similarly 
supported, as seen at T; and with regard to the driving ol 
bhe carrier, it should be observed that in some’cases spur- 
wheel or bevel gear is used in place of the pitch-chain 
wheels, E, F, for transmitting motion from the milHo the 
aarrier shaft. 

Before closing tjiis description of cane-carriers it h 
necessary particularly to mention that in the case ol 
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modern installations c cane-crushing machinery it is con¬ 
sidered the best practj. e to place the horizontal portion, 
A, B, of the carrier as low down as the ground level, thus 
facilitating in a high degree the discharging of the canes on to 
the carrier. In other words, the framework of this portion 



Jfiu. 24.—Sid<* elevation of megass carrier eievatur. 


of the carrier is located in a well-drained brick-l^ed pit of 
ample size and suitable arrangement. 

After the canes have passed through the mill, and have 
emerged from the rollers in the form of megass (see Fig. l5), 
the latter slides down the steep'ly inclined megass-plate, M 
(Figs. 16 and 24), and falls on to the megass elevator or 
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carrier, N, which is the second accessory. Th^ lattei 
either conveys the megass to the boiler furnaces, where it 
is used as furnace fuel for steatn-raising purposes, or (in 
cases where multiple mills are employed) first passes it on 
to the next mill fo» further squeezing before it goes to the 
furnaces. This megass conveyer, although actuated in 
much the same way as the cane-carrilr, which in general 
construction it closely resembles in many ways, is never¬ 
theless frequently modified to various varieties of forms 
to meet particular cases. Sometimes it is fully as wide as 
the latter, and is slow-moving, at otliers it is narrow and 
quick-running. Frequently it is of strong build, like the 
'••ane-carrier, or at times it is of very light construction, in 
accordance with the particular class of duty it is called upor 
to perlorm. Sometimes it is furnislied with wooden cross 
Ijars or iron rakes, wSich drag the megass o\er and along « 
smooth wooden flooring (Figs. 15 and 24); at others it h 
furnished with wood or iron slats, which form both floor anc 
conveyer, as in the case of the c’etne-carrier. As these 
diverse forms of conveyance will be illustrated when dealing 
with the subject of multipla mills, it is unnecessary te 
describe them at greater length at present. Sufiice it t( 
say that it is impossible to cope with large quantities o: 
megass without the assistance of such conveyers and 
elevators. * 

The other accessories with which it is desirable to dea' 

« 

may now receive attention. A description .has so fai 
been given of a cane-crushing mill actuated by gearing and 
a steam-engine, which is supplied with canes through th( 
agency of a cane-carrier, the megass from the mill rolls 
being carried forward by means of a megass elevator oi 
carrier. The next accessories to be considered have 
reference to the besj} methods of ensuring safe and efficieni 
crushing of the canes. As alreadv exnlained. the ton rol. 
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of the mill is held firmly down to its work by massive caps 
held in position upon the tops of the journal brasses by 
powerful bolts which extend downwards to the strong 
washer-plates situated beneath the mill timbers. It is 
evident, in the first place, that should 4iard foreign bodies 
of considerable sire find their way into and amongst the 
mass of softer can^s, the bolts and other mill fittings are 
strong and rigid enough to prevent the top roll from lifting 
sufficiently to avoid serious damage to various portions of 
the cane-crushing plant. In the second place, owing to the 
stretching of the bolts and the give-and-take of caps, 
brasses, washers, and timbers, it may, nevertheless, not be 
held down closely enough to its work to ensure maximum 
squeezing of thin feeds of canes. Prolonged experience of a, 
practical nature has shown that these dangers and short¬ 
comings are constantly present, and engineers have been 
led to seek means by which they may be avoided, or at all 
events minimised as much as possible. The above remarks 
apply to a lesser degree also to the two lower rollers, and, 
so far as efficient crushing is concerned, much may be 
effected by very careful attention to the screwing up of all 
the cap-bolts; while so far as dangers due to the intrusion of 
foreign bodies are concerned, these may be guarded against 
by a careful supervision of tne canes as they approach the 
rollers, and many engineers g,ni planters prefer to cope in 
this simpler way with the above difficulties. Nevertheless, 
human vigilance is at all times more or less imperfect, 
being liable to be non-pxistent at critical moments. 
Mechanical devices have thus been sought out which can 
be fairly relied upon to act as ever-present and unceasing 
guards^against these dangers and shortcomings; and there¬ 
fore two further accessories, now to be described, are 
largely used in the present day,' and must be explained as 
frequent adjuncts to a modern cane-mill. 
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Figs. 25, 26, 27, and 28 show the simplest and most 
economically fipplied of these contrivances, which is known 
as the toggle .pressure regulator. This “ toggle,” or 
“ knuckle-joint,” is a particular combination of levers 
which is well known, and justly regarded as an ingenious 
device. By means of very compact and ^Ample elements, it 





Fin. 25.—Toggle preBsure-rogulaling ajiparatuK. 

• 

exerts enermous force within narrow limits. Upon ex¬ 
amination of the above figures it will be seen that the four 
linl{8. A, B, C, and D, are virtually jointed at thcjir ex¬ 
tremities. The upper points of A and B are held to a fixed 
position by the top plates E and F, while the lower points 
jf the lower links C and D are free to move vertically under 
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the upward pressure of the bottom plates G and H. The 
top plates E and F are held down as rigidly as possible by 
the long bolts I and J, whilst the bottom, plates G and H 
slide up and down the shanks of the same bolts, in harmony 
with the vertical movements of the« mill-roller and its. 
journal brasses which act upon the plates G H through tHe 
medium of rams |5»psing through the mill caps. When 
normal conditions prevail, the links, A, B, C, and D assume 



the more vertically extended positions shown at A and C 
(Figs. 26 8tnd 27); when abnormal strain’s, due to^" heavy 
cane feeds or the intrusion of foreign bodies, lift the roller, 
these links assume the more horizontally extendeckpositions 
shown at B and D; and a comparison of these respective 
conditions is'clearly shown in Figs. 26 and 27. The norrnal 
position of the links A and C indicates that the mill top 
roller is in one of its lowest positions, whilst the more 
abnormal position of the links B and D shows that the 
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roller has been forced upwards, and these links are thus 
horizontally extended at the middle joints, and have com¬ 
pressed the buffer springs K. The springs K and L are 
held firmly to their duty of controlling the inner ends of the 
links by the horizontal through-fare bolts M, and the entire 
^binbination of the component portionaof this device is 
intended to safeguard the mill machijnery under undue 



Fia. 27.—Side elevation of td|rgle n])parat>\iR supplementing illustration No. 26 
and showing the re8j>ective poHitions®of journal brasses, togglc-rani, plates 
links, and springs under normal and abnormal pressures—normal to the lefl 
hand, abm>rmal to the riglit. 

strain by allowing the roller to rige, and yield to dangerous 
pressures, gwhile keeping it down to its work under normal 
conditions^ thus ensuring a good squeezing of the canes 
and ^satisfactory extraction of the cane juice from vstfying 
cape-feeds. The various parts of this toggle apparatus 
are very simple, and there appears to be but little ap¬ 
preciable wear and tear upon them, and .these recom- 
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nendations have led to its extensive adoption on many 
jolonial estates, where these characteristics are sought for 
n preference to pther considerations. 

An alternative and older accessory, with similar objects 
n view, is found in tiie somewhat more complicated system 
af applying hydrauUc pressure t-o all or ^ny of the rolls of 
the (iane-mill. This is effected by the u.^. of an accumulator 
placed in a convenient position in the mill-house (Fig. 13), 
the pressure from which is conveyed in strong pipes of small 
Jiameter to act upon rams located in the water-pressure 
ehambers of specially designed mill caps. These rams, in 
turn, act upon the journal brasses, and through them exert 
pressure upon the gudgeons and the rolls, keeping the latter 
well up to their work of squeezing the canes, and siraul- 
taneou^y enabling them to yield more or less under 
abnormal and dangerous strains. Figs. 29 and 30 show 
how this apparatus may be applied to the top and back 
rolls respectively of any cane-mill, and any one conversant 
with the universal use of the Bramaii press will readily 
understand the application of its fundamental principles to 
a cane-crushing plant. A is f.he force-pump supplying the 
iiccumulator with water under pressure. B is the ac¬ 
cumulator water chamber or cylinder surrounded by the 
cast-iron plate-weights C» which are carried by a strong 
cross-head Z attached to the jam R. In the aggregate, 
these weights cause a maximum hydraulic pressure of some 
two to fjiree tons ♦per square inch to act upon the rams D 
located in the mill caps E. At the same time, each separate 
plate-weigljt is of moderate size and easily handled, and 
by the removal or addition of these individual weights the 
water pressure per square incli can be readily lessened or 
ncreased to suit the requirements of particular cases. 
Much depends upon the diameter of the rams D, but in some 
eases it will be found that the water-nressure in nsn Hops 
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not exceed one ton per square inch, while in others it 
reaches a much higher figure. The accumulator cylinder B 
is of sufficient capacity to hold a larger working quantity 
of water than is requisite to operate the shorter rams D, 
and when the latter are in their normal working positions, 



Fio. 30.—TlydrauUc a]>parutuH to a fivo-r(»llor mill, tho hydraulic preasuro 

acting upon the megass roller. 


and the mill rolls in juxtaposition, the ram R and its 
{iccompanying weights C are almost at rest in their lowest 
vertical position. But should a heavy feed of canesormny 
foreign body enter the rolls and cause the latter to separate, 
the water is forced back out of the mill-cap chambers E 
through the communication pipes F into the accumulator 
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cylinder B; and the ram R, along with the weights C, rises 
vertically to .make room in the cylinder for the in-rushing 
water, thus enabling the mill rolls to separate and accom¬ 
modate themselves to the requisite variations of position; 
at the same time Ifolding the rams and rollers in readiness 
promptly to resume their former positiyhs the instant that 
the abnormal strains have ceased. J 



Flo. 31.—A double Hot of hydraulic anoumulatora for aupplying different prosauroa 
to (lifToi’ont pf)iut.s of tho mill rollers. 

• 

Different degrees of total pressure have to be used for 
the different rollers, and for the opposite ends of eifjier of 
the roller gudgeons. These varying requirements are 
sometimes met by tjie employment of two smaller accu¬ 
mulators (Fig. 31), one of the latter supplying the higher 
and the other the lower pressures. In other instanees one 








52 THE MANUFACTURE OF CAp SUOAR 

larger accumulator is made to do duty for all requirements, 
the requisite variations in the total pressure applied at the 
different points being obtained by a suitable adjustment 
of the diameters of the respective rams, the latter being 
made of a larger or small diameter accb'rding to the greater 
or lesser total pre^’ure required. For instance, the top 
roller should be held down by a greater total pressure than 
would be applied to either of the lower rollers; and this 
total pressure would be divided unequally, the minor 
portion acting upon the end of the top roller gudgeon upon 
which the pinion is fixed, and the major portion upon the 
outerend of it, a converse division of pressure being arranged 
for the megass roller. Any of the mill rolls may be con¬ 
trolled by the above described methods, and have been so 
worked in the past; but the top and i}he megass rolls are 
usually selected, while the cane roll is very rarely called 
upon to work under hydraulic pressure. With high roller 
surface speeds and with correspondingly thin feeds of cane, 
it is nowadays considered sufficient to provide hydraulic 
apparatus for the top roller alone.* It is only necessary to 
add that in 4;he use of hydraulic appliances great attention 
has to be paid to the cupped, leathers which surround the 
various rams and form the hydraulic joints which prevent 
the escape of the water from the apparatus. Oil is pre¬ 
ferably used instead of watejvin the accumulator and ram 
chambers, with a view to keeping the leathers in gpod order 
for the greatest possible length of time. 

Compressed air is, in some cases, also employed to pro¬ 
mote ram-pressures for the mill-rollers, and in conjunction 
W^ith specially arranged apparatus acts in its case in a 
manner similar to that of the oil and water in the hydraulic 
apparatus. 

In all cases in which hydraulic pressure is applied to 
cane mills, considerable attention has been paid to various 
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details that will minimise the effects due to delays caused 
by unavoidable rupture of the hydraulic leathers. The 
latter cannot reasonably be expected to have an abnormally 
long life, and they are liable to give out at almost any 
moment. A temporary stoppage of the mill involved is thus 
necessitated, and when such machingf forms a unit of a 



Kh! .’Ha - impmvpd hydraulic to]> cap. The patent looking rinj; enables the 
mi lUlo be leckt'cl* wliilst the ram is remuved. ^’hc jiatent iTnii witli metallit 
jmckiiig will last several crops without requiring any aiteutiou. 

considerai)le train of associated mills, such stoppage attains 
the status of a most undesirable interruption to uniform 
procedure. The duration of such interruptions must 
therefore be curtailed to the shortest possible period, and 
much ingenuity has.been exercised to this effect. 

Fig. 31a shows the details of one well-known appliance 




which promptly enables the mill in question to resume its 
functions under screw-pressure and allows it, with 
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ininirniim delay, to proceed witli its operations until a 
convenient qpportunity occurs for tlie replacement of the 



31c.—Modern ' Cntrally ■juided hydraulic accumulator. ^ 

useless leather. By means of a patent locking ring it 
enables the mill to be worked whilst the ram and defective 
leather are removed and replaced (see Fig. 81a). 
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Fig. 31 b also shows another arrangement in which the 
vital details ol any hydraulic appliance form a separate 
and easily removable and replaceable detail or unit. Thus 
spare units are kept at hand for immediate use and can be 
promptly utilised without undue delay: 

The cmploymejit of metallic packing for the hydraulic 
rams in place of le:^thers is also being introduced. 

Fig. 32 shows another accessory which is used in several 
countries. It consists of a number of cane-slitting knives 
placed helically upon a rapidly revolving shaft which is 



Kiu. —Ciiiie-cuttor, or splitter, in pre-jjare tlie oaiu‘s foi thu itiill. 


fixed at the head of the cyine-carrier, near the mill feed- 
plate. ' It is intended to slit and open the canes to a certain 
extent, and so to prepare them for more efi'ectivd squeezing. 
It also breaks the back, as it were, of the mass of canes 
about to enter the mill, and, generally speaking, straightens 
them lengthwise, in a direction towards the mill, and 
.renders them more amenable to treatment, though it is not 
intended to serve as a juice extractor in any other sense, 
of the term. Nowadays its general employment is 
apparently increasing and is extending, and it seems no 
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longer to be thi’own aside in favour of crusliers and shred- 
lers, but in many cases is found to be an efficient auxiliary 
jO these more complicated accessories. Close attention is 
ikewise being paid to the details of its construction, both 
vith regard to the shape and length of the knives and the 
nethod of their attachment, sometime rigid, at others 
pivoted. • 

A more important and elaborate accessory, known as 
the Krajewski crusher, is shown in Figs. 33, 34, and 35. 



Fn;.. 3.‘{.—Krajewski I’ano-crushui, wi(h gearing for driving. 

• 

It goes a wide step farther than the simple apparatus just 
described, aiming at a considerable increase in th@ efficiency 
of whatever form of cane-grinding plant it is called upon to 
supplement. Experience has shown that the output of the 
plant may by its application be increased from 20 per cent, 
to 30 per cent., according to circumstances. It actg as a 
crusher as well as a preparer and equaliser of the feed of 
canes on their way to l;he mill, and it has proved so beneficial 
in both respects that it is even used in conjunction with 
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a train of multiple mills furnished with knives and 
shredders. 

It will be seen that the essential features of the appara¬ 
tus are two solid steel rolls, A and B (Fig. 33), with pointed, 
zigzag corrugatioiis extending longitudinally across each 
roll. These corrugations on the separate rollers are 
arranged to mesh j)ut not to touch, the rolls being kept at 
the minimum distance apart by suitably fitted blocks. 



Fig. 34.—Krajowflki cano-cru8hor, with u(nnjKmnd spur goaring and inde}>andeut 
driving engine, attached to a three-roller cane-mill. 

whilst their degree of separation is controlled by powerful 
springs, 0 (Pig. 34), or by the application of the hydraulic 
appliances already described. The rolls and springs and 
other details are held in position by two strongdieadstocks, 
D, fitted with suitable gun-metal journal bearings; and the 
entire apparatus, as shown in Fig. 33, is usually placed 
somewhat above and in. front of the miU, as shown in 
Figs. 34 and 35. The rolls of thi^ machine are worked 
through the agency of the heavy gearing, E, which is 
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preferably driven by a separate steam-engine, G; and in 
this form the .entire combination of engine, gearing, and 
Krajewski crusher will be recognised as being a modified 
and miniature replica of the elementary cane-grinding plant 
already described, so far as the intention and general 
arrangement of its elements are -concerijed. Sometimes 
the separate engine, G, and the gearing, E, are dispensed 
with, and the crusher-;rolls are worked by an extension of 
the gearing which drives the cane-mill or mills to which 



Fia. 35—IvtftjewHki cauc-crushcr driven by branch gearing (tlT the mill gearing, 
instead of b(nng driven by an inde])end<?nt engine. 


the crusher is an accessory (F iji Figs. 35 and 36). Some¬ 
times, again, a pair of ordinary though specially grooved 
rollers, G (Fig. 36), are used in place of the characteristic 
rolls of the Krajewski crusher; and in some countries the 
latter are supplanted or even supplemented by cane-shred¬ 
ding rolls, which are worked in a manner rather similar to 
that described in the above references to the engine-diaven 
crusher. In order to obtain feed efficiency approaching 
that of a crusher, in the absence of the latter, the top roll 
of the first mill is sometimes made as shown in Fig. 37. 
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It is important to note that, in one sense, the capacity 
of the Krajewski crusher, employed up to^ the point of its 
maximum efficiency, is virtually the controlling point of 





Fm. 3!>a.— Sectional view of Searby Bhiecltlor in opwation. 


th» maximum output of any given train of mills working in 
conjunction with such crusher. That is to say, that when 
it is unassisted by any other accessories, such as cane- 
knives or shredders, the importance of its services to the 



AUUi!i»SUltlJiH AlNt> liiJilK UNtiTlUJNB 
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following mills is such that it is a mistake to suppose that 
by relieving the. pressure on the crusher-rolls, with a view 
to passing an increased quantity of canes through the 
crusher, an increase in the daily or hourly output of the 
mills will result. As a> matter of fact, the total amount of 
work efl'ected will thus he reduced, owing to the inferior 



Ff(i. • S<*aTl)y Slirodder 


preparation of the canes en route from the crusher to the 
succeeding rmlls, the latter, consequently, having such an 
excess of work thrown upon them that they are unable to 
cope with the increased quantity of insufficiently prepased 
canes ?hus passed on to them, although they would have 
been able to deal with tjiis increased quantity if sufficiently 
prepared. In actual practice, it will be fohnd in most 
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cases to be generally necessary to maintain a maximum 
pressure coupled with the closest possible setting of the 
crusher-rolls, and to be content with the quantity of 
thoroughly prepared canes which the crusher can thus 
provide. The Krajewski crusher should therefore always 
be of ample size and power requisite for the fullest accom¬ 
modation of the train of mills it is intended to serve. 



Fio. 35o,—Mosachftoirt grooves, ns applied to onne-rolls. 


This particular form of crusher breaks up and partially 
squeezes the canes, and likewise transversely cuts them 
up into very short lengths; whilst another r^ery similar 
crusher is largely used with the intention and result of 
"longitudinally slitting the canes, with a view to securing a 
more continuous and satisfactory feeding of the succeeding 
mills. The employment of both o^ the above apparatus 
appears nowadays ta be gradually assuming a secondary 


AU^JliOOUXtirjiS AiNli ItlJiltt J? UJNUllUJNB 




or auxiliary position which, in due course of time, may 
ultimately end in their comparative abandonment, when 
they will be superseded by more modern appliances that 
ensure a thorough disintegration of the canes. . 



In view of the requirements inseparable from -the 
thoroughly efficient application of maceration water, it is 
nowadays found that .hardly any limits are to be fixed 
•with regard to a complete disruption of the cane-fibre, 
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more especially in relation to the shell-fibre of this plant. 
Furthermore, the capacity of the mills, as effective squeezers, 
both as to quality as well as-quantity, is thus considerably 
increased in addition to t he greater facilities afforded to the 
water for intimate perco.ation of tKeuOtherwisc more in¬ 
accessible juice-cells of the canes, which should be com¬ 
pletely permeated and washed by the maceration water. 



Fin. 37 —Diamond roller used as the top roll in cane-mills. 

k 

Figs. 35a and,35n show the nature, details, and applica¬ 
tion of such a modem disintegrator or shredder. As will 
be seen, this shredding or beating machine consists of a 
drifts of pivoted hammers, which rotate at high velocities 
in a casing containing suitably spaced anvil-bars, parallel 
to the axis of rotation of the hammprs. These anvil-bars 
•extend round a portion of the circle described by the * 


Anj-F ini^jijv ruiNuiiv^no 
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revolving hammers; and the latter are suspended from 
rods fixed in |joles in the series of discs which rotate with 
the main shaft of the macliine, u])ou which they arc firmly 
secured. The hammers are thus located between the discs, 
and project about ^ incites beyond (fitiir eirciiittference. 
The canes enter above, the anvil-bars, y.re betii.en by the 
hammers, tind the disintt^grated ciiiv-fibrtt ptisses mil 
between the bars. 7’be shredded thanes thus form a. 
t/joroiighly disintegrated and nn/i’orni mass, in wJiicIi tlw 
fibres are complefely and lilendly sepit,iiiic.d from one 
mother, i.hus providing the mills wit h ti cout.imious blanket, 
[)f material which offers com])lete actress of the macerat ion 
ivater to the interior of the juice-cells of the ciines. It is iti 
jomiection wit h shredded canes or megtiss of such a disiu- 
jegrateA chariict.er tlii^t dilTusion mjiy ])ossibly be resumed 
ifter the preliminary emjtloymenf of :i. single mill of s])eciiil 
tonstruction, which would first, remove t he major jtortion of 
die juice, tuid thus more, eineaciously preptu'e tlie megass 
or final treatment, in the diffusion baft ery. 

Tn so far detiling with tlte subjc'ct of a.ccessories, we luive 
irrived at a sttige when the. prejtared canes are ti.bout 
;o enter'the mills, in order to aft .tin the. necessar}’ e.x- 
uac.tion of the cont.-iined juice; not overlooking the prob- 
iliility or certtiinty that they may have iilreiuly ])a,rted 
■vith a gre.iiter or less pe,rcenta.ge of such juice in t he pro- 
lesses of preptiration tibove described, the ptwcenttige of 
inch depffivation depend ing more or less upon the particular 
:orm of prejairation they have undergone; tind the o])])or- 
nnity shoi^d now be taken of referring to the difficulties 
ittendant upon the important question of “ re-absorpt ion.” 

This hHc nmre of the opertit ion of cane-squeezing is^tver 
aiore or less present, in t he act ion of all mills, although it 
frequently esc.iipes prec.ise detect.ion, whilst in numo'rous 
)ases it is so patent to the most casual observer as to call 

6 .* 
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for prompt and drastic measures for its immediate 
correction. 

It is unnecessary here to attempt to, follow the volu¬ 
minous discussions that throughout the past fifty years, 
and more, have associat ed themselvesHaround this standing 
source of unsat isfactery mill-squeezing, involving a 
multitude of preferences for perfec^tly smooth rolls on the 
one hand, or surface grooves of varying character on the 
other. The broad presumption remains that, in past 
years, cane-mills have undoubtedly been sque(‘zing tlie 
juice out of the canes with an unsuspected efficiency, but 
owing to the absence of the desirable and necessary pro¬ 
vision of the means for an unobst.ructed esca])e of the 
expressed juice from a too intimate and hitherto enforced 
and prolonged association with its j^irent fibre, from which 
it- has just been separated, it has to an und<!sirable extent 
been improperly re-al)Sorbed and carried forward through 
the mills along with the megass, thus more or less detract¬ 
ing from the completed result of extraction that would 
otherwise have been secured. * 

One of the simplest and most efficacious methods of 
avoiding re-absorption is undotibtedly to be fouhd in the 
application of Messchaert grooves to the lower rolls of a 
cane-mill. 

Without entering int o the refinements of this applica¬ 
tion, which is receiving careful and (smtinued considera¬ 
tion and modification, it. may in the first place be observed 
that even the simplest forms of such grooves effect re¬ 
markable improvement in juice extraction. This simpler 
form of groove, with the assistance of Fig. 35c, may be 
deSciffibed as follows: 

Along the full length of the lower rollers circumferential 
grooves, about a quarter of an inch in width, are cut at 
intervals of 1J to 2i inches pitch, to a depth of from | of an 
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inch to an inch. These grooves may be applied to one or 
both rollers. , When cut only in one roll, they should pre¬ 
ferably be situated in the nicgass roller; but it is desirable 
that they should be cut in both the cane and niegass rollers. 
They should, howcter, never be applied to the cane roller 
of the first mill unless such mill is preceded by a Krajewski 
crusher or a shredder. • 

hhudi groove is preserved from an undue accumulation of 
tightly compressed megass by nutans of a suitable scraper, 
whicli keeps it satisfactorily clear of obstructions. With 
proper arrangements the megass is never sufficiently forced 
into the grooves to prevent tf lein from a.c.ting as thoroughly 
ffficieni, drainage channels which allow t he expressed juice 
to escape promptly and freely from the megass under 
pressure. Excellent Jesuits are thus obtained, combining 
increased extraction with a smoother and much more 
satisfactory working of the mills and engines. Oppor¬ 
tunities are likewise ofl'cred for (fficcting useful modifica¬ 
tions of the adjustment of the mill-rcitls. 

Attention must now be directed to two less pretentious 
accessories of an altogether different character, which per¬ 
form special duties in immediate connection with the cane- 
mill. The expressed juice from the canes falls into fJie 
mill-bed, which, as already mentioned, is suitably formed 
for its collection and reception. It then runs out into a 
juice-tank. A, as shown in Fig. 38. In the upper portion of 
this tank a strainer, B, is fixed, which is intended, as much 
as possible, to retain the fine “ cush-cush,” or pulverised 
particles of the cane-pulp and rind, produced by the grind¬ 
ing action of the rollers, which is present in large quantities 
in the cane juice. * 

The “ cush-cush ” is mixed with any sand and other 
siibstances which adhere to the rind of the canes, and it is 
found convenient as well as important to get rid of these 
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mechanical impurities promptly, lor otherwise they would 
injure tlie juice, besides choking the pump-valves and the 
chand)ers and tubes of the juice.-heaters. After ])assing 
through this strainer, B, the juice falls to the bottom of the 
tank, where it is traiiped by a reuft)vable plate which 
protects tl'e pump-valves, the vidve-chest, E, being fixed 



Fio. .‘W—Standard caiie.juirt! with t,ank and ^trainc!^ 


outside the tank, thus giving free access to the valve- 
chambers for the purpose of prompt examinatifln. I’he 
connecting-rod, D, of the juice-pump, C, is usually attached 
to a disc-crank fixed upon the end either of ond of the mill 
gudgeons or the first-motion gearing shaft, thus giving the 
neceSsary reciprocating movement to the plunger o( the 
pump. The latter, when arranged in the standard form 
shown in the illustration, is necessarily single-acting, and 
as it makes but few strokes per minute it is therefore, com- 
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Daratively speaking, of large diameter, the major portion of 
its working parts being made of solid gun-metal. In some 
instances, this standard form of vertical cane-mill pump is 
replaced by more modern double-acting hori/ontal steam- 
pumps of various kinds; but whichever type is used, its 
duty is to force the juice from the mill;housc up and into 
the clarifiers, so that it may undergo jhe process of clari¬ 
fication. 

'I’hc cfTective straining of the caiu'-jnice at f he mill is 
a matter which does not always receive the amount of 
attention if. deserves. In f.he, form of strainer shown at B 
there is a dilliculty in obtaining as comjilete a separation of 
the, '■ cush-c.ush ” from the juice as might be desired. The 
former has to l)e scraped up and removed from the strainer- 
web by hand, and it^is this very method of removal that 
tends to choke the interstices of the strainer through tbe 
unavoidable pressing of the finer part.ides of fhe refuse cane 
into the openings ol t.lie st rainer-web. The finer t he strainer 
the more readily it is choked; and t.hS'complete efficacy of 
the st.raining is t herefore limit ed t o the point attained by the 
employment of a comparatively coarse web, which only 
gives partial results. Otht‘,rwis(! the attendants fail to keep 
the strainer sufficiently clear lor the reception and free 
passage of the large quant,ities ol juice which are con¬ 
tinuously ])ouring on to it from the mill, and they are 
tempted ti.) resort, f.o various objectionable devices, which 
largely iiullify the full intention of the apparatifs, in order 
that they may suiJerficially appear to be coping successfully 
with a task which at times proves beyond their capabilities. 
In order, therefore, to obt.ain the best residf s, it is desirable 
to dispense altogether wit h hand labour, ami to re.ly»npon 
t he*automat.ic, service of a purely mechanical arrangement. 
This change can be efficiently brought about, by the very 
siniple apparatus sho\vn in Figs. 39 and 40. • In Fig. 39, A 
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is a lightly constructed wheel of any convenient diameter, 
wliich is usually large enough to elevate the refrained “ cush- 
cush ” to a height sufficient to discharge the latter by 
gravity on to the mill fecd-plaf c or one of the intermediate 
megass conveyers. It can be fixed u{x)n the outer end of 
the mill top-roller gudgeon, or, as shown in the illustration, 
it can be worlced by a belt or light gear from any suitable 
source of motion, acc^ording to the circumstances of 
particular cases. Around its inner circumference angled 




Fl(.j —Revolving caiie-jiiicu straiiMT aful (‘UhIi-cukIi elevator comLined. 

• 

division boards, or plates, B, are fixed, which act as eleva¬ 
tors for the “ cush-cush and the entire open periphery 
of the wheel is surrounded and enclosed by a very fine wire 
web, C, of the necessary width, through which the juice is 
strained. ' The latter is led by a gutter or pips- to the 
bottom of the slowly revolving wheel at G, and freely passes 
through the wire web, being collected in a small wheel race, 
R, and led to the pump by a second gutter. The “ cush- 
cusliji” which is retained upon the inner surface of the 
strainer, is lifted by the angled plates, B, of the revolving 
wheel to the top of the latter, whence it falls at D by 
gravity into the hopper or shoot, E, which conveys it to any 
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ccquired point. By this means all choking of the strainer 
is completely avoided, and a much finer straining medium 
can safely be employed than would otherwise be possible. 
The revolution of the wheel is continuously turning the 
inner surfac-e of the strainer upside down, and, by virtue of 



l.'j,; 40 —lU'votvnii; i-atu'-juioi* striiiTHT. 

« 

this reversal, relieves it Irom all obsinictions to the free 
ilow of juice witliout tlie banelul interveni.ion of Jiand 
labour. Kitted with strotig webbing, this apparatus will 
work smoothly and pfficicntly throughout an entire crop 
without any attention, securing for clarification a juice 
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as frco as possible, from ineclianical impurities which are 
liable to imj)ede and interfere with the work of the juice- 
heater and clarifiers. Fig. 41 shows the applicafiion of 
this combined strainer and elevator to a cane-mill, where it 
is fixed u|)ou the outer end of the milUtop-roller gudgeon. 
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belts, F, travel around the chain-wheels, G, H, and J, and 
to these chain-J)elts wood or iron scrapers, shod with rubber 
shoes, are attached. These scrapers travel over the surface 
of the strainer, and carry forward all the separated cush- 
cush over the plate«P up to the point K, where it drops 
dowiv the shoot L on to the intermediate carrier M, wJiich 


ITevdlvinc Stkainers. 



• I’itj. 43.—Hovolvmg oyliiulricttl cano-juiro slraiuors. 


conveys it ^o the rolls of the second mill to be sqixeezed 
igain, iji order that there may be no avoidable waste of 
iiiice. The bulk of the strained juice falls at once into the 
juice-collecting tank N, between the points C and D, whilst 
he remainder drains away between the points D and E, 
md is collected by the sloping gutter 0, down which it runs 
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into the same tank, out of which all the collected juice is 
pumped to the clarifiers. 

Fig. 43 shows a third method of automatic straining. 
'I'he juice from the mill is conveyed by the gutter A to two 
revolving cylindrical strainers, B and (1, through the cir¬ 



cumferential surfaces of which the juice jiasses into the 
receiving tank, D. It is then (uillectcd at the point E, and 
led 4o the juice-pump, whilst- the cush-cush travels along 
the entire length of the cylindrical st rainers, and falls into 
the cush-cush receivers, K, from whij-h it is removed by an 
elevator or l>y hand. Fig. 44 shows still another automatic • 
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straining ariangcniont combined with the juice-pump and 
its tank, in which tiie moving parts of the elevator consist 
of a chain with .attacluid ])addles. 'I’he latter first drag 
the cush-cush, which has been separated fj'om the bulk of 
the juice, over the strainer, and finally over a perforated 
plate, where further drainage tak'es pla.ee. Ultimately the 
resi<bials are elevated to a suitable! height, whence t hey fall 
on to one of tlie mill-carriers to bcpa,ssod a,gaint hrougli some 
of I lie rolls, so as l.o minimi,se lo.ss of juice in tlie refuse. 

At the present t ime wlam such close attention is being 
paid to t.he attainment, of maximum extraction, and 
in view of the largely ine.r(!as<'d ipiantit ii's of cush-cush 
re,suiting from the action of an extended train of mills, 
coujiled with the vaTia,t.ioiv in the qualities and contents of 
the .same (coming trom,the r(',s])ect.ive mills, and even from 
the cnishi!!', it has bi'en found t.o be a matter of suflicient 
imyiortance t.o subject the whole of the (!ush-ca8h from all 
of t.hc .strainers t o the most t horough re-.squee/ing, and it is 
considered desirable to return t he whole of it. to the front 
of the fir.st mill, in order that it, may pass t hrough t he entiie 
range of mills. Many disappointing figures re mill-work 
are due fo neglect of t,his*prc(;aut.ion, and their distinct 
im])Tovemeirt has been the result of it.s adoption. 

Notice of cane-mill accessories has now, for the present, 
been comjrlet ed, and the task of explaining the chief com¬ 
ponent. port ions of a simple form of (lane-crushing machinery 
has also been finished. It is now necessary to pass on to a 
consideration of more conqilkiated multiple arrangements 
of the. latteff, which aim a,t a more com])lete extraction of 
the juice from the canes tha.n is jiossible by the use of one 
t hrce-roller mill. 



CHAPTER IV 

MULTIPLE mills: THEIE WORK AND ARRANGEMENT 

An endeavour must now be made to get somewhat farther 
beneath the surface of the subject wliich has been and is 
still being dealt with, in order that the true value of power¬ 
ful cane-juice extractors may be the more clearly appre¬ 
ciated . It is well understood by planters that the ability of 
a cane-mill to express juice depends to a great extent upon 
the class of canes being dealt with, w|iich varies consulerably 
not merely in different countries, but also from time to time 
upon the same estate. It is therefore desirable that they 
should be able, as promptl}'^ as possible, to form a fairly 
reliable, even though only an approximate, estimate of the 
efficiency of the extraction of the juice from the canes that 
is being effected by any given three-roller mill, of any given 
style and variety of constrijctioh, when operating’upon any 
given variety of canes, the terms “ efficiency ” and “ per¬ 
centage of extraction ” denoting the proportion of the 
weight of the juice expressed by the mill to the original 
weight of the canes squeezed. In this connection special 
tests are one thing, and the careful daily supervision of the 
work of the mill another. Appearances are altogether 
misleading, and an attempt to judge the quality and 
efficiency of the cane-squeezing by an ocular and superficial 
examination of the megass is a futile amusement. Rollers 
of larger diameter and shorter length will give better results 
than those of comparatively greater length and lesser 
width, although the megass emerging from the wider and * 
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comparatively sliortcr rollers does not, in some ways, always 
look as if it hjiid been nearly so well crushed. Experience 
shows that rolls, of small diameter usually break up and 
disintegrate the canes to a much greater extent than wider 
rolls do, and yet tli« actual squeeze administered, and its 
effects, are not always so productive, of good results. 
Speaking generally, it would appear that fast-running mills 
ffive the best results, although the appearance of the megass 
does not lead to this conclusion, and, other things being 
equal, tolls of larger diameter may be said, to some extent, 
to give i.hese improved results on account of their greater^ 
surface s])eed. Again, in making comparisons, it is very de¬ 
sirable to compare mills of differing sizes which are at work 
in idle same factory upon the same class of canes. Tt is apt 
to be mfsletwling, and ijis comparatively useless, to c.ompare 
the work of a small mill upon one estate with that of a 
larger mill in use in atiother factory, or vice versa, unless a 
.fc.ry careful iinalysis of all the surroundings of the case in 
piestion is simultaneously made. 'Plfis is a much more 
iomplicated and nec-essar/ proceeding than many people 
suppose, and it requires the efficient superintendence of a 
scientific texfierf. who is capilble of taking into consideration 
he comparative qualities of the canes manipulated in the 
•espective fsictories, together with various other relative 
loints which must not be overlooked. Taking the every- 
iay work of a particular factory using a cane-mill with rolls 
)f some 26 in. to 28 in. dianuder by about 54 in.*to 60 in. 
n length, running at ji fairly slow surface speed, tlie siverage 
ixtraction «fiected by t his machine over an entire crop is, 
say, 63 per cent, juice on the weight of the canes crushed. 
The megass left after obtaining this moderate result l«oks 
jxcellent. It is light in colour, well broken up, and, so far 
IS mere appearance isi e.oncerned, would seem to indicate 
jhat the mill in question is doing extra good work. In this 
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connection it must, however, be carefully borne in mind 
that there are in exist(^nce fast-running mills of compara¬ 
tively small size which, by virtue of their high roller surface 
speed and thinner feed, are ac.i.ually doing specially good 
work. Alongside this small mill a larj??r crusher is erected, 
having rolls .34 in.in diameter by 72 in. long, ami an average 
extraction of, say, 67 per cent., to 68 j)er cent, juice on the 
weight of a larger quantity of canes is efi'ectcd. Neverthe¬ 
less, the megass does not appear to be ne,arly so well broken 
up, and to a superficial observer does not seem to have 
received such an effective amount of treatment as formerly; 
and it is thus evident that a careful analysis of the megass 
must be made before a correct knowledge of results can be 
properly ascert.ained. This point will be more fully dealt 
with in due course, and will afford a ,very useful insight into 
the surroundings of this very important question, but it 
should hero be mentioned that there isanevidenfdnclination 
to hark back and reconsider the question of relative roller 
speeds, and in certain cases to reduce surface speeds. 

Tn the everyday work of a Sugar factory it is desirable 
that both the canes and the extracted juice should be 
regularly and continuously weighed—ranch useful informa¬ 
tion may be gained by this procedure; and if the weight of 
the canes themselves cannot be regularly ascertained, then 
the megass should be weighed. But if an intelligent and 
thoroughly efficient supervision of the mill’s work is to be 
maintained, a mere comparison of these comparative 
weights is insufficient, and might lead to the erroneous con¬ 
clusion that better crushing is being effected at certain 
times than is actually the case. Some canes are softer or 
moiti juicy than others, and more readily yield up a larger 
proportion of their contents to applied pressure, and 
although the yield of expressed juice*seems to be more than 
usually abundant, the mill, contrary to inferences drawn 
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Irom insufficient, figures, is nof. actually working up to 
standard efficiency. If, is tlicreforc af. all times essential 
to note very particularly the percentages of fihre and 
moisture remaining in t,lu‘, megass (see ffiiajjter X.), and to 
associate the figures* so obtained wif.h those ascei'tained 
through th(! weighing of the caiu's and juiee. Thus, if witli 
both soft and juicy or hard and drier canes the percenta,gc 
of fil)re in the resultant megass is carefully maintained at 
the same, level in the. case of all classcis of c,a,n(‘,-plants 
operafed u])on, it may usually be considered that the cane- 
mill is maintaining a. fairly uniform level of ])ra.c.tical 
eiliciemw under the varying conditions under which it is 
pretty certain to hav(> to work a,t various ])('riods of its 
emph)ynicnt.. Aga,in, in (‘st.ituaf.ing tlie relat ive values and 
i^uantitics ot work doi]^;, such ([luiutities shoidd rather bo 
referred to the ])er(a‘nta-ge of tibn' in the canes than to 
the total tonmige of canes dealt with bv the mills. 

Taking the above ])oints into consideration, what 
a verage extract ion of juice from 1 he canes is to be ex])ect.ed 
through the use of an elenu’ntarv ca.ne-grinding i)la,nt. like 
the on(‘ already d(>se,rib(‘d and shown in Figs. 17 <ind 18 ? 
In answering th.is quest ion, ft. should first be remarked that, 
it is far too common .a pract ice to work cane-mills much 
beyond their ])roper capacity. At the, same time, this 
somewhat c.omple.x qm^.stion of cgpacit y must, be considered 
in relation to the. percentage of extraction which ma.v be 
regarded *is satisfactory in given ca,ses; tor with ('lieaply- 
purchased canes, or with very low sugar prices, it may pay 
to work with a comjiarat ively lower oxt rac.tion tlian would 
be regarded with favour under normal conditions. As a 
-Tile, an ordinary three-roller mill with canes contaiaing 
12 per cent, of fibre docs not, ensure an extraction of juice 
exc(^eding 62 per cent..to 65 per cent, on the weight of the 
•canes. Tf the. rolls riui at a compa.ratively slow speed, and 
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iire, say, of proportional sizes to rollers 32 in. in diametej 
by 72 in. in length, the lower extraction of 60 per cent, to 

62 per cent, may be anticipated. If tliey are, however, 
construct,ed in tlie more compac.t ratio of 34 in. in diameter 
by 66 in. in length, tlie higher extracticn of 65 per cent, may 
be looked for. 'I’lic sliorler rolls permit of a higher pres.sure 
per unit of crushing surface, and such increased pressure 
will be more perfectly maintained along their entire length; 
and inod(irn mills are now usually constructed in accordance 
with these ascert.ained facts, thus promoting maximum 
elficiency. 

Special tests conduct.ed for brief periods are not being 
tlealt with, but rather the. average work of an entire crop; 
and in daily work it requires very careful and constant 
supervision to make sure of steadily maintaining the level 
of efliciency indicated on g(me,ral lines in the foregoing 
figures. Taking, however, a rational mean of these, with 
the use of a good modern mill of adequate j)ower and speed, 
htted with relatively short rolls, a steady average of, ssy, 

63 per cent, juice from ariy given weight of canes may be 
counted mpon. 

Searching more particularly into the details of this 
result, it is also ascertained that, 'n conjunction with this 
extracl.ion, fully 24 per cent, of the total sugar that was 
originally contained in the canes under treatment is lost, 
this last percentage having been left in the megass which 
has gone to the furnaces. The amount of sugar (extracted 
from the canes does not, of course, coincide precisely and 
proportionately with the amount of juice extracted. 
Taking the particular sample of canes which is now being 
ref toed to as containing by weight some 12 per cent, fibre 
and 88 per cent, juice, the latter, upon analysis, would be 
found to contain fully 14 per cent.^ugar, associated with, 
some 2-5 per cent, other solids, and 71-5 per cent, water, on 
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the weight of the canes. Taking 100 parts of this juice, it 
is found, in round numbers, that it is chiefly composed of 
about 16 per cent, sugar and 81 per cent, water. For the 
present, it is desirable to refrain from going too precisely 
into these figures, leift. attention should be drawn away from 
the main gimeralities under consideration; and it need only 
be repeated that there is an approximate loss of some 
24 per cont. of the total sugar in the canes, which waiikl be 
left in the megass after good average crashing with a mill 
of this description. 

In dealing with the question of extraction, so far as it- 
(;oncerns old and comparai ively weak mills working in old- 
established factories, it is desirable to emphasize the chief 
considerations at issue which, if possible, are in general 
cases to avoid as miwh as possible any undue waste of 
power in an excessive pulverisation of the cane-fibre, yet 
nevertheless to obtain the maximum extraction of sucrose 
when desired. 'I’lie coarser the megass the better the 
resultant quality of the furnace fuel so obtained, provided 
always that the final megass is sufficiently dry. Very 
finely crashed megass is a somewhat troublesome class of 
fuel to deal with in the furnace.s, much more .so than well- 
dried single-cruslusl megass, and so long as the required 
degree of extraction of sucrose is secured, it is desirable, as 
much as possible, to avoid an undue expenditure of engine- 
power in an unnecessary application of excessive pressures 
to the wRody matter of the canes. Comparatively speak¬ 
ing, remarkable results have been obtained through 
judicious control and wise manipulation exercised over 
the use of old and weak mills, clearly demonstrating the 
importance of not relying on brute force more thsft is 
absolutely necessary. 

An effort must noM' be made to explain how a higher 
and better extraction can be judiciously ensured by those 
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desiring it, and to call attention to the very interesting 
and efficient appliances available for this ^purpose. In¬ 
dividual planters can then be left to decide under the sur¬ 
rounding circumsi.ances of their particuhvr ceases, coupled 
with special reference to the relative prites of both canes and 
sugar, wh(dher tlj^e more eom})lete and powerful multiple 
mills will pay for their increased first cost and greater 
working expenses by their increased results. 

In the latter half of the last century, when close at¬ 
tention began to be paid to this question of increased 
extraction, a second mill was frequently erected in a con¬ 
venient. position, siile l)y side with the first and original 
crusher, somewhat as shown in Fig. 45. Here, A is the 
first mill, and B the second. A is driven by its own 
separate engine (!, and gearing 1); and B is similarly driven 
by its own separate (uigine F, and gcairing F. Each mill has 
its own (;ane-carrier; t.he first at (I, and the second at 11, Id. 
Under normal working conditions, the cane punts or trucks 
(which have brought the canes from the fields) surround the 
first cane-carrier, (!, as shown at J, and the canes, having 
been placed upon (>, are conveyed to the mill A. Passing 
through the rolls of this first mill they emerge in'the form 
of single-crushed megass, relieved of a large proportion of 
the total juice they originally contained, and, passing down 
the megass-plate at. K, they are deposited upon t he narrow 
and quickly-moving megass carrier at L, which in turn 
leads away the megass and deposits it upon the "diagonal 
conveyer M. The latter then conveys the megass and drops 
it upon the second cane-(;arrier, H, where it is spread and 
carried forward to the second mill, B. Emerging from B 
at the .point N in the form of double-crushed megass, it 
slides down the megass-plate on to. the next cross-carrier, 
0, which puts it into the curved shoot P, where it falls on 
to Q, the last of the mill-carriers, and is conveyed to the 
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furnaces. The whole system of the four carriers, ]j, M, 0, 
and Q is arranged to be driven by either of the mills, and 
can be each and all thrown out of or into gear at a moment’s 
notice, so that whichever of the mills happens to be at work 
tlie service of the re(5^uisite conveyers is always at command. 
The final carrier, Q, takes t he place of tlm megass elevators 
(one to each mill), which would otherwise be in evidence; 
and thus there is a complete system which is serviceable 
either for single-crushing by either mill, or double-crushing 
through the joint action of both mills. When tlie .second 
mill has to crush singly, the jmnts or trucks surround the 
secoml cane-carrier at 11, and both sections, H and 11, ol 
this carrier are, at all times, waiting in readiness to act in 
conjunction, and .so serve tJie second mill wlien operating 
as a single-crusher, ai*d t he small shoots at. P are arranged 
to suit eit her system. The object t)f the above arrangement 
of mills and caTTiers is to make provision in case of accidents. 
If the first mill A broke one of its rollers, then the second 
mill B could continue at work with its own cane-carrier 
and its share of niegass-c.onveyers, and the manufacture of 
sugar could be continued in connection with the single¬ 
crushing’of the canes, in 'place of double-squeezing. So, 
too, if the secoml mill broke a headstock, the first mill 
would continue working, and could get rid of its single- 
crushed megass direct to t he bciler furnaces, instead of first 
sending it to the second mill via t.lie extra cross-carriers. 

By nteans of this arrangement of the mills, the work of 
the factory was certainly, in one way, uninterrupted, and 
the canes already cut down in the fields could be prompt ly 
disposed of; but, on the (.'ther hand, (.his convenience was 
])urchased by some reduction in the day’s work, by SStne 
inc.rease in the fuel account, and the loss of the extra sugar 
which would have been secured through the use of two 
mills in place of one. Owing, however, to the increased 
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strength of modem milling 
plants, frequent breakages are 
nowadays not expected to hap¬ 
pen, except through carelessness 
and inattention, or other causes 
which can be guarded against 
in better ways than sa,ddling 
an estate with cumbersome and 
somewhat antiquated and un- 
satisfac.tory arrangements. Cer¬ 
tain spare pieces of the parts 
of the machinery, most likely 
to fail, can be kept ready at 
hand, together with efficient 
standing ^)pliances for rapidly 
effecting repairs; and the possi¬ 
bility of now being able to 
command these conveiiiences, 
coupled with a feeling of un¬ 
willingness to lose even a fraction 
of maximum advantage in these 
d^},ys of keen competition, has 
gradually led to the placing of 
multiple mills in “ tandem ” 
positions, instead of side by side. 
In j)lace of tins arrangement 
just described, they are iherefore 
frequently arranged somewhat as 
shown in Figs. 46, 47, and 48. 
In this more modem arrange¬ 
ment each mill still has its own 
separate engine and gearing, plus 


minor and special accessories, but there is only one cane- 
carrier and olie megass-clevator common to the two mills. 
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and no attempt to single-crush would bo contemplated. 
The first millds at A (Figs. 46 and 47), the second at B. 
The gearing and engine of the first mill are shown at tl and 
H, whilst those of the second mill are to be seen at. J and K. 
The cane-carrier is a1»C, and the megass-ele vator at D. The 
method of driving the cane-carrier is ^hown at E, the 
megass-elevator being driven in a similar manner; and the 
intermediate carrier and its driving gear are shown at F, 
together with various other minor details of interest, and 
this simpler form of intermediate carrier takes the place of 
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Fio.47 —Plan of taiulom tltmhlu-erushinji plitnl •''howii in iJiojnvmlinj: illustration. 


the complicated arrangement of the more numerous con¬ 
veyers in Fig. 45. Turning to. Fig. 48, a full pers})ective 
view of the tout emenMe of such an arrangement of mills 
is shownt together with a fine pair of cane engiiies. The 
two sets of gearing are seen close behind their respective 
engines, and although the mills are somewhat hidden away 
to the rear it will be noticed that they are both fitted with 
toggle gear, and that they arc preceded by a Kraje'.-*ki 
crusher, which appears in the far-away top corner of the 
illustration. Fig. 49 is a separate view of the first mill of 
this double-crushing plant, and is a good example of a 
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mcKlcrn cane-mill fitted with the two accessories just men¬ 
tioned, the second mill being a precise duplicate of this, 
minus tlie crusher. 

'Die next step was, while still jilacing both mills in 
1 andeni position, to keep them closer t*)gether, and fix their 
l)eds or bottom cij.stiiigs ujaui the same gantry as shown in 
Figs. ;")(), .bit, and 54. This more compact arrangement 
enables the two mills to be worked by t he same engine and 
gearing, thus giving eom])lete (aaitrol over the relative roller 



Kk; -IS —|H“T8]»fM f im- \u-w »>{ ituult'ut c'oiibU'-uruKhim' plant similar to 
thos<‘.vlnivvii in Ihc two picttMliiig illiisl.ni.1 ions. 


speeds of the respective mills. The engine has approxi- 
nuitely to have twi(;e the power nec.essiiry for one mill; and 
the gearing has cttrrespondingly to l)e increased in^strength, 
and it is somet imes extended by an additional first- and 
second-motion s])ur-wheel and shaft. In siutj case the 
first-motion pinion, A, has to work both the first-motion 
wlmels, B and (! (Fig. 51). There are likewise two tail-bars, 
]), transtnitting the power and motion to the respective 
mills. Alternative arrangements of this double gearing are 
used; and there- is often only one first-motion wheel and 
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sliaft, in which case there is also but one second-motion 
pinion, which drives both the second-motion wheels, as in 
Figs. 50 and 52. . Tlic cane-carrier is shown (Fig. 51) at E, 
and the megass-clcvator at F; and when the single-crushed 
megass leaves the firtSt mill, K, it is deposited with as little 
disturbance as possible upon the interiiKjdiate carrier, L, 



Kn:. 4U—Tin; liisst null of the. tandem douhlr-crushing plaiJt. 


which is of light though strong constniction, and travels at 
about the same lineal speed as the surfaces of the first mill’s 
rollers. The surface speed, howevec, of the rolls of the 
second mill is usually rather higher than that of the fiTSt. 
Thus, if the roller surfaces of the first mill travel at the rate 
of, say, twenty feet per minute, those of the second will 
revolve at the rate of about tweniy-three feet'per minute. 







Fio. 50.-General view of tandem dnnble-eru-^hing plant mounted on the same bed-plate, and worked by one engine 
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these proportional speeds being arranged with a view to 
minimise the tdiances of choking the second mill. Again, 
in some countries, the converse of this practice is adopted, 
presumably with a view to ensure a more severe final 
squeeze than might ©therwise result. 

Fig. 50 shows a very simple yet soujid example of a 
compact arrangement of a double-crushing plant of this 
description, which though dispensing with certain acces¬ 
sories described in a previous chapter, nevertheless affords, 



51.—Plan o£ a Undem il(mblo-( ruKhiri)> plant worked by one onj;imi. 


with due care and attention, full opportunity of securing 
such advantages as may be obtained by the employment 
of two mflls in place of one. Figs. 52 and 55 are striking 
perspective views of the engines and more complicated 
gearing characteristic of such a combination of double mills, 
and they give an interesting idea of the increased strength 
of both these elements, which, in cases of this class, hav^Tti'" 
be increased greatly in size and relative power to enable 
them to cope with the double duty which they have now 
’to perform. 










Fig 5'2 —General perspective view of taiulein double-crusliins plant, shnwins engine and gearing. 
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The next quesiien to be considered is tlu! comparative 
general efficiency of tliese arrangejoeuts and their respective 
advantag(!S. rremising that the exact form and disposal 



of the double-crushing plant to be adopted must be deter¬ 
mined by the requirements of each particular case (which 
may be either to crush more cane in a given time without 
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regard to the question of extraction, or to obtain a higher 
extraction from the original weight of canes, or to divide 
these advantages and obtain something of both), it will for 
the moment be assumed that the two mills are working as 
dry double-crushers pure and sifllple. The increased 
advantages to be gained by this increased effort to obtain 
increased extraction will be considered, and reference will 
be made to the older and earlier arrangement of the mills 
as shown in Fig. 45. 

Let it be taken for granted that the entire combination 
of the two mills in this illustration is in full and uninter¬ 
rupted operation. Then an extraction of at least 70 per 
cent, normal juice on the weight of the canes ought to be 
obtained, as compared with the 63 per cent, obtained by 
the use of a single mill, or an increased extraction of some 
10 per cent, normal juice, the loss of sugar left in the megass 
being likewise reduced from 24 per cent, to 17 per cent, of 
the total sugar in the cane. 

The full working advantages do not, however, end here; 
for, whilst both mills are at work, a certain number of 
steam-boilers are used to furnish steam to drive the 
machinery and supply the.other steam-requirements of the 
entire factory. They are probably all being fired with the 
refuse cane or megass, without the assistance of any coal oi 
wood fuel. Let it be supposed, however, that one coal 
or wood-fired boiler is also in use to equalise the fluctuating 
supply of megass from the mills, and to renderMt feasible 
to store a moderate quantity of reserve megass, and tc 
ensure the uniform working of the factory. All is working 
well and satisfactorily. Suddenly an accident happens 
oor the second mill, B, and it is decided to continue the wori 
of the factory by means of single-crushing performed bj 
the remaining first mill, A. As all the appliances and 
necessary arrangements are available, purposely waiting ir 
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readiness for a prompt resort to the simpler and less 
efficient form «f extraction, there is, therefore, nothing to 
prevent an immediate change. Tt miglit he supposed that 
the disadvantages would he confined to the loss in the 
mcgass of the extra»l() per cent, juice which would have 
heen further extracted liy the second mil^ were it working 
as usual, coupled with some reducfjon in the higger day’s 
work that would otherwise he performed. But this is not 
so. TJ]Jon proceeding wil.h the reduced work of the factory. 


♦ 



I'ui. 54.—CltMioral viow of taucleim (louliip-t rush'mg showinjj another R-jRi<-ial 

method (d mounting the two inillH. 

it will soon he apparent that it is absolutely necessary 
either to fire up another coal or wood-fired boiler, or to 
force the *0116 already in use. That is to say, until the 
second mill is repaired and resumes its duties, not only is a 
less day’s work being done and less juice being extracted 
from the canes; but more coal, wood, or megass is being 
burnt to manufacture this reduced quantity of juice inttr- 
sugar. Even making certain allowances for the larger 
quantity of sugar ci>ntained in the reduced quantity of 
*megass coming from the single mill, and for the reduced 





quantity oi juice wJiicli Jias to De made into sugar, tne very 
important conclusion is arrived at that, witli double dry¬ 
crushing, one of the chief functions of the second mill is 
that of a fuel saver and improver, in addition to its duty as 
an extra juice extractor. Circumstances may modify par¬ 
ticular cases, ami it must not be forgotten that the factory 
may now temporarily be larger than necessary for dealing 
with the reduced quantities of canes and resultant juice, 
an important point which would in itself account to some 
extent for some of the extra fuel now required. But the 
broad fact remains that, owing to the loss of the use of the 
second mill, the resultant efficiency of the available megass 
fuel is impaired, and it liecomes necessary to supplement 
it by the use of additional coal or wood, or by drawing upon 
the reserve stock of surplus megas^^^ which may have been 
stored for emergemies or for finishing off the manufacture 
of second-sugars and rum at the close of the crop. 

The quantity of moisture left in the megass after effec¬ 
tive double dry-squeezing may be put at about 50 per cent, 
on the total weight of the megass, whilst with single squeez¬ 
ing this "figure may rise to over or about 55 per cent. 
This objectionable inercasais accountable for the inferiority 
of single-crushed megass as fuel when compared weight for 
weight with that left after dry doulile f reatment, for, other 
conditions being equal, the drier the megass the more 
valuable are its steam-raising properties. 

The realisation of these facts leads to a duc«apprecia- 
tion of the more modern arrangement of the disposal of the 
two mills, as shown in the accompanying illustrations. To 
some extent it also explains why planters are content to 
tfelgo some of the conveniences afforded by the older arrange¬ 
ments, and are now giving preference to the compacter 
forins of tandem mills, which virtually tie them down 
to multiple-crushing, without an alternative. It further 
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leads up to the explanation of another improvement which 
may be cfTected in the duty performed by the second mill 
as an extractor; for supposing that a supply of megass fuel 
of extra dry quality is a secondary consideration, the total 
extraction due to cfcuble-crushing may be appreciably 
increased by adding boiling water to th,e megass at the 
moment it issues from the rolls of the first mill. Such an 
addition of hot water, equal to, say, 10 per cent, on the 
weight of tlie juice extracted by this mill, shmdd result in an 
approximate total extraction due to both mills (as arranged 
in Fig. 50) of 86 per cent, of the total sugar in the canes 
crushed. This treatment reduces the loss of sugar in the 
megiiss from 24 per cent, with single-crushing, or 17 per 
cent, with dry double-crushing, to 14 per cent, with double- 
crushing and imbibition combined. If a yneliminary 
crusher is also employed, as in Figs. 53 and 54, the extrac¬ 
tion, with imbibition, will be raised to about 88 per cent., 
and the loss reduced to 12 per cent.; whereas if dry-crushing 
were prosecuted with such a combination of mills and 
crusher, the total extraction would be about 85 per cent., 
and the loss of sugar 15 per cent. With reference to the 
fuel question in connection with imbibition or maceration, 
the increased temperature of the resultant megass fuel 
will to some extent compensate for its increased moisture. 

In addition to these considerations, it has to be remem¬ 
bered that if any mill of a given size is employed for the 
purposes of single-crushing on any estate, and a duplicate 
second mill is erected to work in conjunction with it, so as 
to effect double instead of single-crushing, then not only 
will the above increases in juice extraction be effected, 
but also about 30 per cent, increase in the total day’s worh»« 
If, however, in place of one additional mill an entirely new 
plant of modern double mills is ordered and the old mill 
is discarded, then the size of each of the two new Inills would 

7 
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only require to be about two-thirds the size of the latter in 
order to give the foregoing degrees of extraction, and at the 
same time cope with the original weight of canes which was 
being dealt with by i.he old mill. 

Before leaving, for the present, the question of double 
mills, it will not be out of place to consider a special phase 
of double-crushing which might be instituted by installing 
a Krajewski crusher in front of a single mill, as shown in 
Figs. 34 and 35. Cases may arise in which the addition of 
a two-roller crusher may be preferred to the purchase of a 
second three-roller mill, and it has then to be decided what 
degree of extraction may be anticipated. The Krajewski 
crusher is itself capable of effecting an extraction of, say, 
50 per cent, of the total juice of the canes; and, estimating 
the extraction of a single mill at 63 per cent, as before, it is 
found that by installing the crusher the total extraction can 
then be increased to some 67 per cent, of the normal juice 
on the original weight of the canes worked, coupled with an 
increase of, say, 20 per cent, to 30 per cent, in the original 
day’s work, and a much more uniform and c.mooth working 
of the did three-roller mill is likewise ensured. By this 
means some 80 per cent, of the total sugar in the canes is 
obtained, coupled with a loss of about 20 per cent, sugar 
in the megass. Imbibition could ^ot, however, be very 
usefully attempted with ’such an installation, and dry¬ 
crushing would have to be the order of the day until a 
following mill could be installed; and Figs. 53 aitd 54 show 
two interesting examples of modern arrangements of 
double-squeezing mills with a crusher in front of them, in 
conjunction with which imbibition could usefully be em¬ 
ployed. »In Figs. 50 and 53 it will be noticed that the two 
mill-beds and the customary gantry are combined in the 
one and the same massive casting, wh i lst in Fig. 54 the 
mills are furnished with double hydraulic accumulators, and 
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Fio. 55.—Engine and gearing for driving the plant shown inj^thefpreceding illu.etration. 
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ire mounted in a distinctive and characteristic manner 
ivhich should be noted as a matter of general interest. 

With reference to the question of “ imbibition ” or 
‘ maceration,” which bears upon the addition of a greater 
jr lesser quantity of water to the megass on its way from 
in earlier to a succeeding mill, it should be remembered that 
tticgass is of a very spongy nature, and possesses somewhat 
unsuspected or unrealised properties of absorption. It is 
ilso well to administer the addition of the water the 
moment the megass emerges from the rollers and is 
axpanding; but this is a subject which will be more 
fully dealt with in connection with the description of 
the various methods used for ensuring a satisfactory 
al)S(>rption up to the point of saturation. 

The general adoption of double <vull8 was not accepted 
as a matter of course. Their introduction, as in the case of 
most innovations, was the subject of much controversy and 
analysis; and the change from single to double-crushing 
assumed the form'of a gradual devolution. In the West 
Indies, up to this period, a' noticeable difference was 
observable in certain cases in the methods of extraction 
respectively practised in French and British colonies. The 
former, encouraged by substantial protection and the 
consequently higher prices obtainable for their finished 
products, were tempted to carry the process of extraction 
of sugar from the canes to the farthest point practicable, 
and frequently employed the diffusion process for this 
purpose. The latter, unaided by bounties and protection 
in any form whatever, being left to fight their own battle 
in. an unprotected and somewhat adverse and uncertain 
-market, ruled by competitive and falling prices, were very 
cautious about adopting multiple mills and increased ex¬ 
traction. Diffusion, with its complexities, was regarded 
with much‘suspicion and disfavour; and after the estab-' 
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lishment of five-roller (Fig. 30) and double mills (Fig. 45), 
it is probable*that, but for continental influences, further 
advances in the progress of increased extraction and the 
introduction of tandem plants would for some considerable 
time have remainediin abeyance. 

(Jerman sugar engineers, acting in iinison with their 
nation’s rapid commercial expansion, and the consequen|!> 
search for colonial markets, made special efforts to intro 
duce the diffusion process into British colonics, whilst 
French engineers also made similar exertions in various 
parts of the world. In this direction both parties were so 
far successful, that they induced the prosecution of numerous 
and fairly exhaustive experiments in widely divergent 
countries with reference to the application of this process to 
the cane-sugar indust«y; and up to the autumn of 1890 
there seemed to be every probability that diffusion would 
take up a permanent position as an available and practicable 
cane-sugar extractor. Thus the supremacy of cane-milling 
plants was threatened, and the makers* of such machinery 
made earnest endeavours to render their appliances as 
efficacious as a diffusion battery; and the struggle between 
“ force ”‘on the one hand versus the natural law of osmosis 
on the other, has, for the present at any rate, left the 
makers of cane-mills practically in possession of the field. 
To show how this result has been obtained, it is necessary 
to pass on from the considcratipn of single and double mill¬ 
ing plants to that, of treble and quadruple installations. 

Atr this stage it will be useful to note the following 
figures, which show concisely the approximately relative 
positions of i,he various methods of extraction in vogue at 
this period. They also give some idea of the magnitude uf ' 
the task which lay in front of the makers of multiple milling 
plants, and later on it will be seen to what extent tbe efi^s 
' made have been justified. Taking into corisideratioft a 
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similar class of canes to those already alluded to in fore¬ 
going figures, the following results are shown:— 


Single milling 
Double milling (dry) 
!, „ (wet) 

Diffusion 


Percentage of Sugar 
obtained on Total 
Sugar in Canes, t 
76-00 
83-00 
86-00 
96-00 


Percentage of Sugar 
lost in the Megass on 
Total Sugar in Canes. 
24-00 
17-00 
14-00 
4-00 


It is seen tliat tlie gap between t-he results obtained by 
the better class of work done by double mills on the one 
hand, and diffusion on the other, permits of the possible 
attainment of an increased extraction through the agency 
of mills of 11 per cent, to 12 per cent, more sugar than had 
hitherto been obtained by the use of klie double installations 
so far described. As a matter of actual fact, t.here was, at 
this particular period, frequently a margin of 18 per cent, 
in favour of diffusion, where dry double-milling was con¬ 
cerned, and it was on the basis of this wider margin 
that the West Indian diffusion experiments were first 
instituted. 

In order to obtain the. more advanced results which 
were requisite to justify the continued use of mills wnen 
exhaustive work was to be done, the various machinery 
makers unanimously followed the somewhat obvious course 
of increasing the number of mills simultaneously and suc¬ 
cessively employed in crushing the canes under tieatment. 
Thus, as already described, for a moderate degree of ex¬ 
traction, one three-roller mill can be used as in Kigs. 56 and 
57.' For an increa,sed cxf.faction of some 10 per cent, two 
einlilar machines have been employed, as in Fig. 58; and 
now for further increases in obtained results, three, four, 
and even five three-roller mills arc simultaneously and 
successively' employed as consecutive units in the same 
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train of the cane-crushing plant, assisted by various 
effective accessories—such as cane knives, crushers, and 



Kw. 5B. —PorHpnclivft vi(^w of a sin^'lo tliTOo-mllcr <‘.an(’!-nnl! of Bpeoial (]eHign» 
Hhowing tho wator Horvi(K> for cooling the mill joiimai brasseM. 


shredders—which have for their objective point the 
exhaustion of the canes of saccharine matter up to any 
feasible degree desired. 
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Figs. 69 and 61 show how any three such mills are 
usually arranged so as to form a simple nine-roller plant, 
in which A, B, and C are respectively the first, second, and 
third mills mounted in tandem posil^ions on the same 


C 



Fill, /i?-—-k^M^tional ulevation of a I'ano-mill similar to that shown in illustration 
No. 5G, showing the a^ijilication of hydraulic lurssurc to the ftiejjaKs roller; 
also the K|x‘cittl methotl of adjusting; the bottom rollers in connection with 
the use of a V(5rv narr(»w trash turner. 


m^issive mill-bed, D. The canes enter the mill at E, and 
-after undergoing eight successive squeezes, emerge from 
the third mill at F in the fonn of “ triple-crushed ” megass. 
The mills are all worked imdcr hydraulic pressure, each 
machine being furnished with its own accumulator and 








f(»rce-pump as seen .i1 0, TT, and I; and it, will also be 
noticed that this pressure is applied only to t'he top roller 
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of each mill. Furthermore, it should be noted that in 
multiple installations of this descripti on toggle and hydraulic 
apparatus are virtually indispensable, or at least very 
desirable, and they therefore practical!} cease to be mere 
accessories. Hitherto, in describing* the application of 
toggle gear or hydraulic pressure to cane-mills, the func¬ 
tions of such appliances have been dealt with in reference to 
their usefulness in protecting a single mill from sudden 
shocks and strains when it is worked by its own engine, the 
maximum power of which the mill is fully qualified to with¬ 
stand under normal conditions. When, however, a series 
i>f two or more mills is driven by one engine, the power of 
that engine must be fully sufficient to drive simultaneously 
all of the associated mills when dealing with a full-feed of 
sanes; and it is quite within the range of possibilities that 
this multiple power might, at any moment become concen¬ 
trated upon any one mill of the series. An extra, and 
hitherto unusual, duty is thus thrown upon the above 
apparatus, and its Usefulness is extended as an ever-present 
ruard against this particular danger, its application en¬ 
abling the top roll of any mill to yield sufficiently to prevent 
improper strains from acting upon the latter which would 
suffice to cause a serious breakdown. 

The method of driving the two intermediate megass- 
sarriers, which lie in their respective positions between the 
three miUs, is seen at J and K; and these special conveyers 
are of light construction, travelling at lineal speeds which 
harmonise with the surface speeds of the rollers they serve 
svith megass. The large second-motion spur-wheels of the 
sompound gearing which drives the three mills are respec- 
iJiTely located at L, M, and N, and upon turning to Fig. 60 
the same three wheels are more clearly seen occupying a 
very profninent position in this special view of the above 
gearing. , The engine which actuates this gearing is situated 
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at 0 in Fig. 61, and the fly-wheel of this prime mover is 
seen at P. The engine crank-shaft, Q, extends towards the 
gearing, and upon its inner end is fixed the crank-shaft or 
first-motion pinion, which gears with .both of the first- 
motion wheels, Ji and S, fixed upon«the two first-motion 
shafts, T and U„seen in Fig. 60. Upon these shafts two 
second-motion pinions, W and V, are also placed in their 
respective positions, the latter of which gears with and 
works the large second-motion wheel, L, whilst the former 
performs the double (Uity of driving both the remaining 
second-motion wheels, M and N. The squared ends of the 
three powerful second-motion sliafts, upon which L, M, and 
N are fixed, appear at X, Y, and Z, upon which are placed 
the massive and loosely-fitting couplings seen at‘X‘, Y', 
and Z*, in Fig. 61. The three t*il-bars connecting the 
gearing with the three mills are, at A', A^ ajid A^ in the 
same illustration, and the mill-couplings which join the 
tail-bars to the top roller gudgeons of the three mills are at 
B', and B*. By these means the three mills and their 
compound gearing are worked by one pewerful engine, 
which thus controls the relative movements of the respec¬ 
tive mill rolls, the surface^peeds of which can be adjusted 
and uViiformly maintained at, any given ratio which may 
have been decided upon and arranged. The three illus¬ 
trations just referred to are useful as showing the com¬ 
ponent elements (d a “ nine-roller ” or “ triple-crushing ” 
plant, and demonstrating the respective functions and 
relative positions of the mills, gearing, and engine, in a 
manner which should enable the reader to comprehend 
clearly the arraiigcjnent, of such an installation, both in 
detail and as a whole. 

In the daily manipulation of a triple-crushing plant it 
is very Tarciy ibat \m\)i\)ition is not used, and a common 
practicxj is t’o withdraw the diluted cane juice extracted by* 
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the thirH mill and to convey it by suitable means to the 
first mill, where it is applied to the raegass issuing from the 
rolls. If desirable, this third juice may be further diluted 
by the atldition of steam or water, and the single-crushed 
inegass is thus soaked and pre])ar(i»l for more effective 
treatment in the gecond tii il 1. In the sairie way, the double- 
crushed megass issuing from the rolls of the latter is well 
saturated with boiling water to prepare it for final treat¬ 
ment in the third mill. It is undesirable to enter as yet 
into any extended account of the dillerent methods which 
may be adopted for effecting imbibition. Suffice it to say 
that it can be carried out in a variety of ways, comprising 
some dozen variations. The above brief example of one 
of'the several changes that may be rung on the roipeetive 
applications of second and third mill juice and steam and 
water, will serve to explain, for the time beingf the nature 
and objects of such applications. At the same lime, it is 
important to point out that the latter may lie divided into 
two distinct classeft, viz.,“ short bath ”.and “ long bath ” 
immersions. In the triple plants just considered, where 
the three mills are driven by the same engine, short- 
bath arrangements prevail; but where long-bath im¬ 
mersions are desired, each of the three mills has its 
own engine and gearing, and they are placed at con¬ 
siderable intervals apart »from each other, as shown in 
Fig. 62.^ 

There are numerous details worthy of close Uttention, 
the majority of which may be left to speak for themselves; 
but it is perhaps as well to mention that in multiple in¬ 
stallations the megass is so completely disintegrated and 
pulverised, that it has a strong tendency to adhere in undue 
cpiantities to the surfaces of the rolls. Therefore, it will 
be noticed from the various illustrations that scraper-plates 
ire used to’clear the top rolls of the posterior mills of 
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Fig. 61.—End elevation of installation shovn in Fig. 59. 
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adhesive substances which would 
othemise interfere with the effi¬ 
ciency of the plant. 

The otherwise convenient ar¬ 
rangement of ® placing the mills 
close together is, nevertheless, 
associated with the serious draw¬ 
back that obtains in cases in 
which the more elaborate acces¬ 
sories employed, for ensuring a 
complete disintegration of the 
canes, are not in evidence. When 
modern shredders, assisted by other 
Tuodern accessories, arc employed, 
tlie mills m#y in all prooability 
be kept as closely together as 
shown in Figs. 50 and 61, with 
the attainment of higlily satis¬ 
factory results. But in ordinary 
cases, in which th.' customary 
grade of megass has to be reckoned 
with, it is desirable to jilace the 
successive mills at least 36 feet 
apart- from each other. It is no 
use. adding water to the megass, 
for the purposes of maceration, 
unless sufficient time is ^iven to 
this agent to effect its share of 
the work of cleansing and exhaust¬ 
ing the cane-cells, and careful 
investigation by competent authori¬ 
ties tends to the recommendation 
of a distance of some 40 feet 
between consecutive mills. 
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Fig. 63 is an example of an eleven-roller installation. 
It is similar, in its main features, to the ,nine-roller plant 
described above, but the three mdls are preceded by a pair 
of preparatory rolls which have longitudinally grooved 
surfaces, and the duties which they have to perform are 
somewhat of the same character as those which woidd be 
executed by a Krajewski crusher. Taken from an elevated 



Fio. 03. —PJloven-rolltT caiio-cruKliin" installation, driven by eujiino and 
double eonipouiid gearing, and consisting of three mills and two special 
prejiaratory rolls. 

position, the illustration displays rfiany details which would 
otherwise be hidden from view. The general arrangement 
of the mills is substantially the same as in the case of the 
nine-roller plant already referred to. There is, however, 
a noteworthy addition to the gearing at A, inasmuch as not 
merely the three mills .but also two additional rollers, as 
^ust*mentioned, have to be worked by the one engine; and 
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the fourth tail-bar, B, shows how the pt)wer is transmitted 
to this additional pair of preliminary rolls., An interesting 
view is also obtained at 1*) of the special form of combined 
strainer and elevator, described in detail in a previous 
article, as shown in Fig. 42. The ii\ice-puinping arrange¬ 
ments are seen at E, and the numerous and massive wheels 
of the gearing stand in a conspicuous position in the 
foreground of the illustration. 



Ft«. C4.—Audlher elcvon-roller iiisUilaiitin drivon Iiy one cnfjinc, and con«iBlmg 
of three luillM and piejiaralory Krajewski crusher.* 


Fig. 64 gives another view of an almost identical in¬ 
stallation, in which the details of the (instruction, arrange¬ 
ment, and method of driving the entire plant are most 
clearly shown right through from the engine to the miUs. 
In.this group of macdiinery, however, a Krajewski crusher 
is 4^ploy<5d in place of the straight-grooved preliminary 
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rolls in Fig. 63, and it will be seen that the branch gearing 
for driving both the crusher and rolls is identical in principle 
in both arrang<!tnents. These two last illustrations are 
very suitable compleitients of each other, the one being 
taken from the engflic side, and the other from the mill 
side of the respective installations; and the fullest oppor¬ 
tunity is thus afforded of grasping t he relative functions of 
almost every detail throughout 1,hc respective plants. 



Fhj (»;'»- and tlnvinjr-jruar onijiloycd to worKJan clfx (‘n.rolliT oano-cruBliint, 

% iustullation. 

In most, of the foregoing illustrations the powerful 
engine rec[tiisite to drive so many mills and such massive- 
gearing has been somewhat i-.rowded out of the pictures, 
but Fig. 6.5 makes good this deficiency and gives a full view 
of a large and suitable engine. Moreover, the details of 
the massive gearing are worthy of the closest attention, and 
it should be noticed that a special feature characterises its 
arrangement, inasmuch as the crank-shaft carrie^two 
|)inions in place of one. Each of these pinions thus works its 
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own first-motion wheel instead of the more usual and 
solitary pinion working both wheels, and this modification 
offers various advantages and conveniences which render 
it worthy of notice. The three mills worked by this 
gearing are preceded by a KrajeWSki crusher, and the 
extension of the gear for driving the latter is clearly 
seen to the right hand of this group of machinery. It 
will also be noticed that toggle gear is fitted to each of 
the mills. 

Fig. 66 similarly gives equal facilities for studying the 
constructive details of the gearing which has to l)e employed 
to drive an installation of eleven rollers, of the same class 
as that portrayed in the preceding illustration. In most 
of the earlier pictures this combination of gear wheels has 
been considerably foreshortened. '^'Here it is shown at full 
length; and the method of building up the large motion 
wheels is well seen. The massive squared ends of the four 
motion-shafts, which couple with the roller gudgeons of the 
crusher and the three mills, through the intermediate agency 
of the four tail-bars (as seen in earlier illustrations), are very 
noticeable; and the method of attaching the various large 
plummer-blocks to the standard brackets and jnassive main 
gearing bed is clearly defined. 

It is now necessary to consider^ the question of the in¬ 
creased extraction of the juice from the canes, which is 
effected by the employment of such extensive and powerful 
installations. Proceeding on the same basis as that adopted 
in the estimates of the work done by single and double mills, 
it is found that with the use of nine and eleven-roller in¬ 
stallations in the form of triple mills with a preliminary 
crusher, as shown in the various illustrations, and the 
application to the megass of suitable quantities of added 
water, a total extractionUs obtained of, say, 92 per cent, of- 
the total sugar originally contained in the canes, the re^ 
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mainder, 8 per cent., being lost in the megass and burnt 
in the boiler ftlrnaces. 


At this stage it will be of interest to quote again the 
previous figures, plus the last two quantities, which should 
prove of assistance ift. definitely pointing out the relative 
position of the higher degree of extractiqp which has now 
been reached through the employment of triple installa¬ 
tions :— 


Percentage of Stigat 
obtained on Total 
Sugar in Canes. 


Single milling 
Double milling (dry) 

„ (wet) 

Treble milling (with crusher) 

Diffusion ^. 

# 


Percentage of Sugar 
lost in the Megass on 
Total Sugar in Canes. 


76-00 

24-00 

83-00 

17-00 

86-00 

14-00 

92-00 

8-00 

96-00 

4-00 


In considering these figures, it has to be borne in Jiiind 
that the degree of extraction obtainable largely depends 
upon the comparative quantities of added water applied 
to the megass, which in the above figiftes relative to the 
work of treble mills amounts to a dilution of some 25 per 
cent, of the normal juice obtained through the agency of 
the first mill of the series, or in other words an approximate 
dilution of 20 per cent, of the total normal juice obtained 
through the agency of the three mills of the complete plant. 
In the case of careful work performed by diffusion, the 
tabulated sugar extraction effected by its aid w^ould be 
obtained fhrough the action of a dilution of some 25 per 
cent, of the total normal juice extracted from the, sliced 
canes; leaving a margin in favour of a more complete ex¬ 
traction which might be effected even by triple-crushing 
provided a more copious dilution of the normal mill juice 
were attempted, coupled with the use of a pair of pre¬ 
liminary ro'ls similar to those shown in Figs. 63 and 64. 

In striving for the attainment, through the use of mills, 
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of a more or less complete extraction of sugar from the 
canes, the question of the dilution of the normal cane juice 
has to be closely watched, and it occupies dilTerent con¬ 
ditional positions in the respective processes of milling and 
diffusion. In t he former process its extensive application 
is, comparatively spealcing, more or less optional; in the 
latter it, is imperative. In the former it is an additional 
means (d obtaining an additional extraction; in the latter it 
is an inseparable expression and the foundation and chief 
instrument of all extraction, whether partial or complete. 



Fio. (Mi .—FnW side elevation of cofttiMimKl inotuni ;ieatiii;r <‘niiiltiye(l to eoni- 
nmnieate. tlie engiiU'-^Kiwer tet ;ui eleven-r<tllt*r installation Minilar to that 
shown in illustration Ko. (Ml. 


If in connection with cither mills or diffusion, twenty-five 
tons of water are added to one hundred tons of normal cane 
juice, a dilution of 25 per cent, is effected, which is always 
conc,isely referred to and expressed as “ 25 per cent, dilu¬ 
tion.” In the case of diffusion, it is the persuasive and 
natural agent which completely supplants the crushing 
force of cane-mills. In the case of mills, it is the supple¬ 
mentary and cleansing agent which more or less refills the 
partially emptied cane-cells, and idtimately, under the com¬ 
pulsory action of further subsequent pressure, washes out‘ 
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the remainder of the sugar from the cells which still clings 
to their walls in opposition to the efforts of previous pres¬ 
sure. In return for this efficacious service it saddles both 
methods of extraction with certain drawbacks, and should 
therefore always be "introduced as sparingly as possible. 
Although nominally only 25 per cent, water may have been 
added to the normal juic.c, it nevertheless means that some 
30 per cent, more water has ultimately to be voided by 
evaporation than would be the case with iiqual quantif ies 
of normal umliluted mill juice, thus increasing t he ex})enses 
of subsequent' manufacture, into sugar. 

In Uie operation of cleatising any vessel or cell from 
contaim'd substances, it is well understood that repeated 
and im^-e frequent successive a])plications of smaller 
quantities of the sel#'ted washing Jiiedium aie more 
eiticacicjus than a. single application of the same total 
quantity in one collective portion. This is an axiomatic 
fact which is easily supported by theoretical calculations 
referring to this phases of indribition. *It also largely ac¬ 
counts for the growing preference which is shown nowadays 
for multiple mills of an increased multiplicity. Thus, in 
dealing with any given quantity of canes, the tendency of 
present prac.tice, othei’ things being equal, is to employ a 
succ^ession of smaller and more numerous mills, rather than 
a fewer number of larger unit^iw. Oenerally sj)eaking, 
single-crushed megass is not always sufliciently.disinte- 
grated t.o'render it capable of satisfactorily absorbing the 
applied diluent.. 'I’he nioie finely the canes are crushed, 
the more etlitnently the megass will absorb the added 
fluids, and the increased number of mills employed offer 
more frequent and more satisfactory opportunities for im¬ 
bibition. Coupling these considerations with a full appre¬ 
ciation of the additiofial facilities provided for a greater 
range by any convenient distribution of the total work to 
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be done over the entire extenfrof the availably machinery, it 
is not altogether surprising to find that feleven, twelve, 
fourteen, and even seventeen-roller installations are now* 
being used. 

At the same time it is important to realise the fact that 
the use of these extended installations should not lead to, 
or encourage, carelessness in maintaining, according to 
circumstances, the fullest efficiency of the first or earlier 
mills, for inefficient dry-crushing is prejudicial to the 
attainment of the best results which would otherwise be 
obtained through the aid of maceration in corijunc-tion with 
the use of the succeeding mills of the complete train. As a 
matter of general practice, it is usually desirable to obtain 
a maximum dry expression, coupled with the retu^i of the 
diluted juices from the later to the ?negass from the earlier 
mills. 

Fig. 68 shows one way in which four three-roller mills 
and the preliminary crusher and shredder of a fourteen- 
roller plant arc deranged with reference to each other. 
Similarly Fig. 69 explains how the mill engines and their 
respective sets of gearing ai'c disposed, whilst Fig. 67 gives 
an end elevation of tho complete plant. Turning to 
Fig. 70; a plan of the entire arrangement of the machinery 
is clearly displayed, and a full opportunity afforded of 
appreciating the various details of the general disposal of 
this exfjensive and powerful installation. 

A general view of another installation of fcAxr mills is 
shown in Fig. 71. This plant is fitted with rollers 34 in. 
in diameter by 78 in. in length, preceded by a Krajewski 
crusher having two rollers 26 in. diameter by 78 in. long, 
ahd one of the first points which will attract attention 
has reference to the circumstance that in this case it 
has been decided to employ two engines to drive the train 
of mills. Each of these engines has a steam cylinder. 
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32 in. diameter by 51 in. 
stroke, but whilst the first 
engine is to run at the rate 
of 42 revolutions per minute, 
the second will make^l revo¬ 
lutions per minute. Although 
these four mills with their 
preliminary crusher are in¬ 
tended to be used as an 
integral machine, and must 
be so considered in relation 
to f.heir work as extractors, 
they are nevertheless struc¬ 
turally cofnbination of two 
distinct apparatus. Th*e first 
engine drives a tandem six- 
roller plant, prcceiled by a 
(Tusher, as already described 
in connection with Figs. 53 
and 54. This preliminary 
installation is then followed 
by another six-roller plant, 
without a crusher, driven 
by th(', second engine (see 
Figs. 50 and 69); the con- 
hectiug link between the two 
plants consisting of the con¬ 
structional feature that the 
four mills and crusher are 
all mounted upon the same 
continuous massive gantry, 
which combines the four mills, 
with their details and* acces¬ 
sories, in the same element. 



Flo. 69.—Side>e]evation of two engines and seta of gearing, as arranged, for driving a fourteen-roller installation. 
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LitLerto been made in connection with any of the earlier 
instaliitiohs. At the same time no reference letters are 
given, as by this time readers will be sufficiently conversant 
with the details, and special references should thus^be 
unnecessary. « 

Hydraulic pressure-regidating apparatus has been 
adopted in preference to the employment of compressed 
air, or toggle-gear, and in accordance with past experience 
it is applied to each megass roller, and each mill is provided 
with two hydraulic accumulators, in order that the exact 
requisite pressures may be ensured for the opposite journals 
of each megass roller gudgeon. The. total pressures 
apjilied to each mill will begin at 254 tons for the first mill, 
270 for the second, 285 for the third, and 801 tons for the 
fourth; but the hydnftilic apparatus is designed so that 
each of these total pressures may, if found desirable, be 
increased up to .500 tons on each mill. 

The canes are brought to the Krajewski crusher by 
means of an (ixtra heavy cane-carrier eirtirely supported on 
a steel framework, t.his carrier being usually driven by its 
own independent engine. Alternative provision,4iowever, 
is also made to work it from the main gearing of the mills 
when necessary, and it should also be mentioned that the 
level portion of this carrier is placed in a brick-lined pit 
below the ground-level. The Krajewski rollers are of cast 
steel, and their surfaces are corrugated in th§ special 
manner sMitable to the preliminary breaking up of the 
canes. They are also fitted' with direct-acting spring 
regulators, which act upon the rolls through the agency of 
plungers passing through the top caps of the crusher head- 
stocks. These plungers, in turn, bear direct on strong steel 
pads, which distribute the pressure over the entire upper 
surfaces of the top roHer journal brasses. The top caps of 
the headstooks can therefore be firndy bolted down to fixed 
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positions, thus forming integral portions of the crusher 
framework, and the use of plungers, in place of rising and 
falling caps, adds to the sensitiveness of the applied pressure. 
It will he noticed that when the crusher is driven off the 
main gearing, it is then actuated by a special spur wheel 
fixed on the second-motion shaft of the firsj; mill. This spur 
wheel gears with another whe<‘l on the crusher driving-shaft 
which is connected to the bottom gudgeon of the crusher 
by means of a tail-bar and couplings, these arrangements 
providing for the free vertical niovenicut. of the Krajewski 
top roller. 

'Phe partially squeezed canes from the crusher descend 
by gravity to the first mill, through which they pass, being 
then conveyed, in the form of megass, by means of the 
intermediate carrier to ttie sect)nd mill, subsequently passing 
in the same way through the 1 bird and lourth mills, until 
the finally crushc<l and highly pulverised megass is ulti¬ 
mately delivered on to a conveyer which takes it to the 
furnaces, where it is used as fuel for steasn-raising purposes 
in connection with the entire factory. The intermediate 
carriers, fixed between the respective mills, are of the 
continuous blanket type, fitted with specially designed 
corrugated and overlapping steel slats, attached to malle¬ 
able cast chains running over anti-friction rollers. 

The disposition and special arrangements of the two 
sets of massive gearing, which drive any such four mills, 
are showti in Fig. 69; and for the sake of uniformity 
the gearing and engine driving the third and fourth mills 
are identical in strength and details of construction with 
those driving the first and second. The mill pinions, 
gearing pinions, and all the toothed segments of the 
various wheels throughout, are of cast steel, shrouded to 
near the pitch line; whilst the journal brasses of all the 
mills are fitted with water-jackets, through which a con- 
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tinuous supply of cold water is circulated by means of a 
system of service pipes, in order to keep the various bearings 
cool. In addition to tfiese arrangements, all the mill and 
gearing journals are provided tliroiigliout the entire in¬ 
stallation with large automatic: sight drop lubricators for 
the purpose of ensuring perfect and economical lubrication. 

There are two sets of automatic juice strainers and 
elevators, with their accompanying screw conveyers, juice 
tanks and pumps. They deal with the expressed juie,es 
issuing from the crusher and the four mills, and manipulate 
and distribute them in the manner required for the respec¬ 
tive purposes of either imbibition or sugar-making. 

Turning attention to the methods to be adopted in the 
use of such an imstallat ion, it should be observed that the 
juice from the Krajewski crusher is usually delivered by a 
steeply sloping trough into the bed-plate of the first mill. 
It thus mixes with the juice expressed by this mill, and the 
combined juices pass through the first jmrtion of the first 
mechanical strainer. The tank immedialely beneath this 
strainer is divided into two sections, into the first of which 
the foregoing mixture of juices is delivered. The juice 
from the second mill is.strained through a succeeding 
portion of the same strainer, and passes thence into the 
second section of the afore-mentioned tank. These two 
streams of juice are thus kept separate from each other 
until they ultimately unite in a third tank, whence they 
are pumped together up to the clarifier loft of»the sugar 
house, where they undefgo the process of clarification. 
Owing to this arrangement separate samples may at any 
time be drawn from the juice products of the first and 
second mills for the purpose of the chemical supervision and 
. control of the work of the entire milling plant. 

The cush-cush from the al«ove strainer is raised by its 
elevator, and delivered into a screw conveyer of the usual 
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type, wliicli in turn discliarges it through openings in the 
bottom of the conveyer trougli on to the intermediate 
carrier between the se(H)nd and tliird mills. These openings 
in the trough are adjustable, and extend over the entire 
width of the intermediate carrier, with a view to a uniform 
distribution of the cush-cush, in contradistinction to the 
frequent and objectionable practice of delivering all of it 
to one point. The juice from the third mill is strained 
t.hroiigh the first section of the second mechanical strainer, 
whenc(‘ it is pumped by a small duplex jiump to the megass 
delivery shoot of the first mill, for the purposes of imbibition. 
Here it is distributed by a special device on to the megass 
issuing from this mill, thus effecting the first stage of 
maceration or imbibition. The juice from the fourth mill 
is straiiled through tie second portion of .the second 
strainer, and being very dilute, and consisting of little 
more t han added maceration water, is pumped by another 
separate duplex pum]) t,o t he delivery shoot of the second 
mill. Here it is applied to the megasa issuing from that 
mill, and in a man tier, similar to that described in relation 
to the first mill, thus (rffei^ting the second stage of*macera- 
tion. Th‘e cush-cush from t he second strainer, as with the 
first, is similarly raised by a second elevator, and 
uniformly delivered on to the carrier located between the 
third and fourth mills. With regard to the particular 
disposal of the cush-cush, here described, it is desirable 
again to ctall special attention to the remarks made on this 
subject at the close of Chapter IIT. (Accessories and their 
Funiitions). As the megass issues from the rolls of the 
third mill, it is treated with water alone, thus effecting the 
third stage of maceration; and it is at this particular point 
that the bulk of the added extraneous water of imbibition 
is applied; and it is this application which accounts for the 
highly diluted juice that runs from the last or fourth mill, 
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to which reference has already been made. Nevertheless, 
provision is also made in connection with the first and 
second maceration carriers whereby additional quantities 
of water can be applied at earlier stages ^f the crushing 
when desirable. Thus water may, as,required, be injected 
under pressure into the raegass the instant it emerges from 



Fig. 71a.—F ourtecn-roller installation. 


the rolls of each of the first \;liree mills, or while it is in the 
act of .passing from the delivery shoot on to the paddles of^ 
the intermediate carriers. 

• It will thus be seen that by the employment of the 
principle of a gradual dilution of the juice contained in the 
megass as it progresses from mill to mill, coupled with the » 
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return of the more dilute juices to points situated between 
the first and second, and third and fourth mills, the 
maximum extraction is promoted in conjunction with 
minimum dilution. The yield of sugar obtained from the 
canes through the agfency of such an installation as this is 
comparable with similar results obtained, by diffusion, as 
will be seen by the final table given below, which embodies 
previous figures already set out, coupled with an indication 
of results which may be obtained through the use of the 
more extended installations:— 

PerceMtaf/e of Percentage of 
Svgar obtained fSiigorloiit in Juice 


in Juice on Total 

on Total Sugar 

Sugar in- Canes. 

in Canes, 

Single crusliing .. .« 

76-00 

24-00 

„ „ with j)reUminary 

crusher 

80-00 

20-00 

Double crushing (iliy) 

83-00 

‘ 17-00 

„ „ ,, with crusher 

85-00 

16-00 

Double crushing (with 10 per cent. 

• 


dilution, without crusher) 

86-00 

14-00 

Double crushing (with 10 per cent. 



dilution, with crusher) 

88-00 

12'-00 

Treble crushing (with crusher and 

" 


20 per cent, dilution) 

‘12-00 

8-00 

Quadruple crushing (with crusher 

and 20 pet cent, dilution) 

‘J4-00 

6-00 

Quadruple crushing (with crusher, 



shredder »nd 26% dilution) 

96-00 

42)0 

Diffusion, witfi 26 pet cent, dilution 

96-00 

4-00 


Fig. 71a gives a very interesting view of another 
fourteen-roller installation of recent design and con¬ 
struction. 



CHAPTER V 

CLARIFICATION OF THE JUICE 

The clarification of the juice sent from the mill to the 
boiling-house must now be dealt with, and it should here be 
mentioned that, as a general rule, estates’ engineers have 
not in the past paid sufficient personal attention to this 
most important question of thoroughly efficient clarifica¬ 
tion, which, in the progress of time and experience, is 
continually the subject of increasing attention and in¬ 
vestigation. This comparative neglect on the part of 
the engineering faculty is largely due to the feeling that 
clarification is in the hands of the chemist, as undoubtedly 
it is to a major extent. But it is the foundation-stone of 
all satisfactory work, not only with regard to a maximum 
recovery of good sugar, but likewise with reference to the 
satisfactory employment •of all the heating, evaporating, 
crystallising, and sugar-curing appliances throughout the 
factory. Many heaters and multiple-effects fail in the 
performance of their maximum duty through the draw¬ 
backs ^ue to inefficient clarification, and multiple-effects 
are especial victims to these shortcomings. « 

With perfect clarification, the multiple-effect should 
merely require cleaning once a week, and such weekly 
cleaning should prove to be a comparatively light opera¬ 
tion; whereas, with imperfect clarification, the operation of 
cleaning the effect frequently becomes involved in almost 
insuperable difficulties; and throughout the week’s work, 
avoidable delays, loss of fuel, together with other serious 
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inconveniences are experienced, right up to the sugar-store, 
which, by proper attention to this all-important section of 
sugar manufacture, should be altogether avoided. As a 
matter of self-protection, and as a question of ensuring the 
efficient working of certain apparatus, for which he is 
primarily responsible, as well as for the efFective and 
economical employment of the exhaust-steam from the 
factory engines, together with the proper working of the 
centrifugals, it is necessary for the engineer to pay the 
closest attention to the clarification plant, and to maintain 
all its details in a condition of the fullest efficiency. The 
fi’-st point requiring attention is to see that there is an 
undoubted sufficiency of defecator or clarifier accommoda¬ 
tion; and, to meet all probable and possible requirements, 
these vessels should possess a gross capacity of at least 
500 gallons juice for each ton of canes ground per hour. 
Thus, for dealing with the cane juice coming from, say, 
20 tons canes ground per hour, in other words good and 
thorough extraction effected by a train of three mills 
and crusher, having rolls 30 in. diameter by 60 in. in length, 
the gross accommodation of the clarifiers should amount to 
at least 10,000 to 12,000 gallons cane juice. 

The next point is to see that the heating surfaces of 
these vessels are in good order and provided with proper 
steam-supply and condensed-steam withdrawal arrange¬ 
ments, and that the hot water coming from the latter is 
carefully feturned to the boiler-house. Thirdly, as a matter 
of fuel economy alone, close attention should be paid to the 
best methods of heating the cane juice on its way from the 
m'dls to the clarifiers, the administration of such heat being 
preferably performed by the otherwise wasted vapour from 
the multiple-effect and vacuum-pans on its way to the 
central condenser,; by double-effect in a heater attached to 
the first vessel of the multiple-effect; and finally by the 
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employment of a well-designed exhaust-steam heater placet 
close to the clarifiers. (See remarks on multiple effects ii 
Chapter VIL) By means of these preliimnary arrange 
ments the cane juice can be economically brought to th( 
clarifiers at a temperature of some 200° Fnhr., so that a very 
brief application of high-pressure steam direct from the 
boilers meets the final requirements of effective clarifica¬ 
tion. It is even desirable to consider also the employment 
of heaters to each and all of the vessels of the multiple- 
effect. 

The juice running from the mill is turbid, yellowish or 
greyish green in colour, with fine fragments of cush-cush, or 
particles of the fibre or rind of the cane, together with some 
of the clay or sand adhering to the cane, mixed with it. It 
has now to be treated so that the infpurities may be got rid 
of as far as possible before it is submitted to concentration. 
The bulk of th6 cush-cush is primarily removed by one or 
other of the various types of the fine wire-mesh strainers, 
which have been fully described and illustrated in a previous 
chapter, and further and more drastic treatment of a similar 
character may be applied through the subsequent agency 
of various arrangements of still finer wire strainers, which 
may be introduced in the clarifier loft, either at the ends of 
the gutter which has conveyed the juice from the mill-house, 
or which may take the form of mechanical and automatic 
appliances that are self-acting and dispense with excessive 
manual assistance. The soluble impurities consist mainly 
of albuminous and colouring matters, gums and mineral 
matter. There is also present a varying quantity of un- 
crystallisable sugar, commonly known as glucose, but 
differing from glucose in that it is doubtful if it has any 
action on polarised light. It would be unfair to rank this 
body as an impurity, although it is nbt crystallisable in the 
sense that cane sugar is, as it forms an item of considerable 
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value in molasses. In canes which are not freshly cut, or 
which have been injured, there is a certain amount of invert 
sugar, consisting of equal parts of Isevulose or left-hand,* 
and dextrose or right hand, polarising sugar. At one time 
these bodies were Supposed to exercise special action in 
preventing and retarding the crystallisation of cane sugar, 
but this view has now been abandoned. 

There is great variation in the proportions in which the 
constituents of cane juice exist in it; but the following may 
be taken as being representative of an average sample:— 



Per Cent. 

Water 

.. 83-00 

Cane sugar .. 

.. 15-00 

Uiierystallisable sugar . 

1-00 

Albuminous and eobtliring matter\ 

.. 0-60 

(iums 1 


Mineral matter 

.. 0-50 


Not only docs the composition of the juice of different 
varieties of cane present considerable variation under 
similar conditions, but the degree of ripeness has an im¬ 
portant bearing on its composition. In unripe canes the 
impurities and uncrystallisable" sugar arc in higher pro¬ 
portion to the cane sugar than in ripe canes, the proportion 
diminishing as the canes approach maturity. 

- .4.n additional and important factor in this respect is the 
degree of cnishing and maceration to which the canes have 
been subfected. With the primitive cattle and windmills 
which at one time constituted the most efficient methods oi 
extraction, and are still extant in a few cane-growing 
countries, the crushing is practically confined to the soff 
cellular portions of the cane, and a correspondingly pure 
jxiice is obtained. With steam plants, however, a greatei 
grinding action occurs* which results in the fibro-vasculai 
bundles, containing the impure sap-juice, being more oi 
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less broken up, and their contents mixed with the purer 
juice from the cell structure. The result is that juice from 
the Same canes contains more or less impurities according 
to the degree of extraction, the maximum of impurity, 
cet&ris paribus, being reached with triple and quadruple 
mills, with preliminary crusher and maceration. The 
following is an illustrative example of the effect of multiple 
grinding on the purity of cane juice, where no maceration 
has been employed:— 



Juice. 


Solids. 



Sucrose. Glucose. 

Sucrose. 

(jIluiMse. 

Ini.iiurUt/. 


Per Cent. Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Crusher 

.. 16-86 2-36 

84-94 

11-89 

3-17 

First mill 

.. 16-40 2-09 

83-89 

10-70 

6-41 

Second mill 

.. 16-01 2-09 

. «82-38 

10-77 

6-81 

Third mill 

,. 16-81 1-91 

82-15 

9-91 

7-94 


Fresh can# juice has a faintjy acid reaction-; which is 
much greater in juice from unripe or damaged canes. If the 
acidity be increased, either by the addition of acids or by 
spontaneous acidification, a certain amount of separation 
of impurities takes place. All methods of clarification, 
however, when conducted‘on a scale of any magnitude, are 
based on the use of an alkali—almost invariably lime, in 
association with heat. Cane juice, as expressed from the 
mill, contains microscopic granular bodies which develop a 
ferment when exposed to the air. The effect of this ferment 
is to produce rapid acidification of the juice, audit is there¬ 
fore of primary importance tliat cane juice be treated as soon 
as possible after it comes from the mill. Juice which has 
been passed through filter paper, and thus separated from 
these organisms, can be kept for some time without change, 
but when juice is allowed to stand in its normal state a 
rapid chan ge takes place. 

In primeval methods of sugar-making, potash was, as a 
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matter of fact, the main clarifying agent used. The juice, 
extracted by crude presses, was transferred to a pot heated 
by means of a wood fire. As the temperature of the juice 
rose, the ashes of the fire, which would contain carbonate 
of potash, were added in the required proportions to it, the 
impurities being skimmed off as they came to the surface, 
until the juice was sufficiently clean for concentration to 
graining point, an operation which was carried out in one 
and the same vessel. Later on when the sugar-cane began 
to be cultivated on a larger scale, and wind or water-mills 
were used to extract the juice, concentration by means of 
the “ copper wall ” (see Chapter VII.) came into use. In 
the first two or three vessels of these clarification was 
effected. Wood ashes were still used, but quicklime was 
mixed with it, the carljonate of potash being thus reduced 
to the state of caustic potash. In addition, the juices of 
various herbs were employed, and the process of clarifica¬ 
tion became one of considerable intricacy, requiring a 
large amount of experience and skill on the part of the 
sugar-boiler. Potash is, however, an extremely unsatis¬ 
factory agent for clarification, as it produces salts which 
interfere considerably with crystallisation. Its use ulti¬ 
mately gave way to that of lime, although in India at the 
present day the great bulk of the raw sugar is made by small 
cultivators who use carbonate of soda and sometimes the 
roots of plants in clarification. Fig. 72 which is tajcen from 
the work*of P^re Labat,^ published early in the eighteenth 
century, shows a plan of a sugar factory in Guadeloupe, in 
which the copper wall is shown. In this instance the 
finishing touch to the clarification, in the form of a de¬ 
coction of herbs, was given in the copper styled la lessive. 

The main object of clarification is to get rid as far as 

' “ Nouvc(,u Voyage aux lies dc I’Amerique.” Par le Pore .Tean- 
Bautiste Labat. Mncnxxir. Paris. 
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possible of the albuminous and colouring matters in the 
cane juice, together with any gums which may be present. 
The latter, however, as already mentioned, are not found to 
any serious extent in sound juice, although with the high 
mill extraction which is now practised,-the quantity of gums 



Fio. 72.—Plan of a scventeentli-ccntury ^ugar factory, Khowin^ the “coppers 
in which clarification was effected. 


present with even sound canes tends to increase. With 
immature or diseased canes the juice may contain a con¬ 
siderable proportion of these objectionable bodies, the 
removal of which, in presence of uncrystallisable sugar, is 
attended with considerable difficulty. A large amount of 
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lime is required to effect their precipitation, and the result 
of the action of this excess on the uncrystallisable sugar is 
not only to. discolour the juice, but also to produce bodies 
which have a prejudicial effect on the crystallisation of the 
cane sugar itself. • 

At the present day, the systems of clarification in use in 
cane-sugar factories may be divided into four classes:— 

(1) For muscovado sugar. 

(2) For refining crystals. 

(3) For Demerara yellow crystals. 

(4) For white sugar. 

Dealing with these seriatim, it may be said with regard 
to (1), that muscovado works are still extant where clari¬ 
fication is carried out on the “vopper wall.” In the first 
vessel, or “ grand copper,” the lime, in the form of milk 
of lime of a fixed density, is added, the addition being made 
from time to time as the juic« requires it. As the im¬ 
parities come to the surface, they are removed by flat or 
slightly concave perforated skimmers. The juice from the 
“ grand copper ” is transferred to the second coppeT", where 
it is brought to the boil, further removal of impurities being 
effected by “ brushing ” the flocculent portions on the 
surface of the foam which rises into a gutter with long 
oar-shaped paddles. The process is practically a con¬ 
tinuous one. This method, however, is confined ^o quite 
small works, and the usual method where muscovado is 
made on any scale is to employ clarifiers, as with the manu¬ 
facture of refining crystals, “ skimming ” and “ brushing ” 
still being carried out, however, though to a less extent, on 
the copper wall. 

(2) The form of clarifier which was at one time mostly 
in use in cane-sugar factories where evaporation is carried 
•out mainly or entirely in vacuo was what is commonly 
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known as the “ French ” defecator. This defecator and 
its construction will be understood by a reference to Fig. 73. 
A is a spherically shaped cast-iron casing of considerable 
strength, fitted with an inner copper jacket, B. The 
intervening space, C, is supplied wit^i live steam through 
the stop-valve, D, the condensed steam flowing away 
through the small orifice, E, which is controlled by a steam 
trap. The upper and cylindrical portion, F, of the defecator 
consists of a copper or iron curb to give the required 
capacity. G is a plug pipe, which is frequently supplied in 
the form of a simple iron rod or stem with handle at its 
upper end, enabling the plug to be readily removed for the 
purpose of washing out the defecator. H is a brass two-way 
cock which directs the treated contents of the defecator, as 
required, either through one of its branches into the clear 
juice gutter, or through the other into the turbid juice or 
washings gutter. The juice as it comes from the mill is, 
after straining, pumped into the defecator. When the latter 
is almost full, space being left for the scum to rise without 
the defecator overflowing, lime is added until the acidity 
of the juice is almost, if not exactly, neutralised, or even in 
some cases made slightly-alkaline. The determination of 
this point musi be based on the result of experience, as no 
fixed rule can be laid down as to the amount of lime which 
should be used, or to the reaction to be obtained. The 
clarified juice should be of a clear olive-green colour, and 
this will be generally found to go with a slightly acid or 
neutral reaction to litmus paper. Steam is now turned on, 
and the temperature gradually raised. A thick scum or 
blanket rises, formed of im])urities which rise to the surface, 
aided by small bubbles of air driven out of solution in the 
juice by the rising temperature. The operation is com¬ 
plete when signs of incipient boding ot;cur; but on no 
account must the juice be actually allowed to boD. After* 
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standing for a short time to permit of any impurities sub¬ 
siding which are of too great a density to rise to the surface, 
the clear liquor is drawn off through H (see Fig. 73), the 
scum and subsidings being subsequently run off to the scum 
tanks for further treatment. This process affords an 
excellent clarification, but has been given up almost entirely 
tor refining sugar, partly on ac(.'ount of the great cost of 
construction and maintenance of the apparatus, and partly 


G 

rw 



Kks 73 - Suction of u Froncli ilcfccator 


from high-pressure steam having to be used. Preliminary 
heating to, say, 130° to 200° P’ahr. is usually effected by 
juice-heaters (see Figs. 76 and 77), in conjunction with this 
class of clarification, so as to minimise the use of high- 
pressure steam; and in connection witli this point, special 
attention may be direc/ted t.o the introductory remarks at 
the commencement of'this chapter, and to similar indica¬ 
tions noted in connection with raultinle-effeet accessories in 




140 THE MANUPACTUEE OP CANE SUGAR 

Chapter VII. Where white sugars are made the French 
defecator is still used to some extent, the great point 
about this system of clarification, as compared with others, 
being that the juice is not'-brought to the atmospheric 
boiling temperature. > 

Instead of the French defecator, the rectangular 
clarifier shown in Fig. 74 was largely used at one time. 
This, though cheaper in construction, is not nearly so 
efficient as the French defecator, and has practically passed 
out of use. The constructional details of this particular 
form of clarifier will be readily understood through an 



Flo. 74.—General view of an ordinary rectangular elaritier. 


examination of Fig. 75, which shows the disposition of the 
heating surface, lying in its working position at A, which is 
so arranged and held in position at B in specially designed 
trunnion stuffing boxes, that the heating tubes can be 
readily lifted into the position C to allow of an easy washing 
out of the clarifier at stated intervals. 

The system which is now mainly adopted in the manu¬ 
facture of refining sugar is one in whicih the juice, as it 
leaves the mill, passes through a juice-heater. This con¬ 
sists of a strong cast-iron vessel, A (Figs. 76 and 77), carried 
on suitable supporting feet, B. Two brass or steel tube- 
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plates are fixed at C and D, into which are expanded a large 
number of solid drawn brass tubes, as shown at E. Steam 
is admitted into the body of the heater through the branch 
inlet, F, and surrounds the external surface of the tubes, 
the condensed steam dtaining itself away through the outlet 
(1, which as usual is controlled by a steam trap. Cast- 
iron upper and lower juice chambers, H and I, are firmly 
attached to the body of the heater, and the cane juice is 



pumped into the lower chamber through the inlet branch, 
J, and, rising through the tubes into the upper chamber, is 
heated in its passage, ultimately passing out of the heater 
through the outlet branch, K. Or, as shown in Fig. 78, 
these heaters frequently have baffles, or partitions, cast in 
the end chambers, which cause an increased length of flow 
of the juice through the tubes of the heater. The top 
chamber is usually fitted with an easily removable cover 
which is secured to it by hinged bolts, and a swinging arm 
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with hand wheel and screw, as shown at L, completes the 
arrangements for the quick removal of this top cover for 
cleaning purposes. In another type of juice-heater, styled 
for this reason “ counter-current,” the flow of juice and 
steam is so arrangi^d by means of bitlhes that tliey run in 



Fio. 70. - -C}eiioral ext.crn»l view of a vtntical juici^-hoator. 


opposite and circuitous directions. (See Fig. 78.) Such 
heaters may be of either the vertical or horizontal type, 
vertical heaters being preferable on the score of general 
convenience, greater facilities for cleaning, and for main¬ 
tenance in good working order, but in either case they should 
preferably be constructed in such a manner as to eiaure 
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a rapid circulation of the juice through a very limited 
number of tubes at a time, ensuring a maximum number of 
counter-circulations through any given heater. 

In juice-heaters the temperature of the juice in some 
cases is raised to boiling-point, by means of exhaust steam 



Fio 77.—Section of a vortical juico-hoator. 


from the factory engines. In some factories, in order to 
secure a higher temperature than the atmospheric boiling- 
point, the juice-heater is placed on tlie ground floor, the head 
of juice in the discharge pipe being sufficient to give the. 
necessary p’-essure. Prom the juice-heater the juice is 
'delivered at a boiling temperature into the clarifying tanks 



















CLARIFICATION OF THE JUICE 


145 


on an upper story, which consist of rectangular iron vessels 
of a capacity, as a rule, of from 700 to 1000 gallons. When 
the vessel is nearly full, the quantity of lime, previously 
ascert,amed to be necessary is added, and the contents 
thoroughly stirred ^»^hile the filling of the vessel is com¬ 
pleted. The separated impurities are now allowed to sub¬ 
side, and after an hour or an hour and a half has elapsed 



Fia. 78 a.—D ouble arrau^^oinont of eountor-fum'nt juico-hoators. 

the clear supernatant liquor is drawn off for concentration. 
In this system, owing to the higher temperature at which 
the lime is added, and also to the fact that all air has been 
driven out of the juice before liming, the major portions of 
the impurities settle, instead of chiefly coming to the surface 
’as with the French defecator. The “bottoms” of'the 
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clarifying tanks are run off to the SCUm tanks, as with the 
latter. In some instances the lime is added to the juice as 
it leaves the mill, but this, although a simpler process than 
its addition in the clarifiers, is objectionable on account of 
the resulting interference with the wdl’k of the heater from 
fouling of the heating surface, although more satisfactory 
precipitation of impurities is claimed. 

As with the French defecator, the determination of the 
proper quantity of lime to be used can oidy be fixed by 
experience. The manner in which the impurities subside 
when viewed in a test- tube, and the appearance of the 
clarified juice in the upper part of it, afford the necessary 
guides. If in the limed and boiled juice the impurities 
present a flocculent appearance and subside with alacrity, 
the upper part of the deposit showing a convex appearance 
with a clear olive-green supernatant liquor, the clarification 
is adjudged &,tisfactory. Jt may here be remarked that 
juice apparently well clarified by the ordinary processes for 
refining-sugar making will always show further precipitation 
when boiled with more lime. It would, of course, be of 
advantage to secure this separation, but the effect of.the 
excess of lime is so objectionable that in the ordinary pro¬ 
cesses the lesser evil of leaving the juice imperfectly freed 
from organic impurity is preferred. Probably not more 
than two-thirds of the possible separation is obtained under 
ordinary conditions, but in the double carbonatation 
system, to which reference is made later on, thisdifficulty is 
overcome, and practically complete elimination of organic 
impurity obtained. 

In the above systems, the juice is heated to either 
slightly below, or up to, or slightly above the atmospheric 
boiling-point. A system of clarification has, however, been 
introduced in which the temperathre of the limed juice is 
raised to 246° Pahr. or thereabouts, the latter being ulti- 
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mately heated under pressure in a closed vessel by high- 
pressure steam. This may be effected in a simplified form 
through the employment of strengthened heaters almost 
identical in design with those just described in connection 
with Figs. 76 and 77. • The increased temperature, however, 
is ensured by arranging for the final and momentary 
application of high-pressure steam, and for the heated 
juice to pass from the heater under a given pressure instead 
of allowing it to overflow from it at the ordinary atmo¬ 
spheric pressure. One way of obtaining the required juice 



Fio. 79.—Sido and end elevations of horizontal compound juico-hcatcrs. 


pressure is to place a loaded escape-valve on the outlet 
branch K, through which the juice has to be forced by the 
pump before it can escape from the heater, or, in another 
way, the latter can be placed at ground-floor level, and the 
outlet K can be turned upwards and extended to a height 
that will ensure the necessary static pressure. In either 
case an extra compressing force of. some 14 to 16 lbs. per 
square inch must be arranged to act upon the escaping 
juice to ensure that it shall be heated to a temperature of 
245° Fahr. in place of 212° Fahr. 

A more elaborate method of obtaining the increa^ in 
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temperatures is shown in Fig. 79, which illustrates a system 
of compound juice-heaters. Those consist of two cylin¬ 
drical heaters, fixed horizontally one aUove the other. Low- 
pressure exhaust steam is employed to heat the lukewarm 
juice in the first or lower heater, whilst high-pressure steam 
is used in the upper and second heater to ftomplete the 
process, the cane juice first entering the lower vessel and 
then passing upwards to and through the second heater. 



As in the previous and simpler arrangement (Pigs. 75 and 
77), so also in this compound system, a loaded escape-valve 
regulates the compression of the treated juice, and thus 
ensures the attainment of the requisite higher temperature; 
and frequently the escaping juice is discharged into a 
separator, as shown in Fig. 80. By this arrangement the 
steam, which would otherwise flash-off from the super¬ 
heated juice into the atmosphere, is collected for use in on^. 
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to neutrality when cold. If made either acid or alkaline, 
the high temperature causes damage from inversion in the 
former and discoloration of the juice and production of 
objectionable products in the latter condition. After 



passing through the heater, the juice is discharged intc 
receiving tanks and subsided. 

In the above-mentioned systems, clarification is carriec 
out with separate portions of juice. Processes are, how 
ever, extant in which a continuous flow of juice from millf 
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to evaporator takes place. In the Deming system of 
clarification, which is based on the subsidence principle, the 
limed juice, after being heated in a high-pressure heater, or 
system of heaters, is run through tanks in which subsidence 
takes place in transit. Fig. 81 furnishes a complete plan of 
the Deming apparatus, in which the juice from the cane- 
mills is led by a pipe or gutter to the point A, where it 
enters the automatic weighing machine, B, fitted with 
. recording dials and juice samplers. Passing through 
tliis instrument, it is then taken by the pipe C to the 
continuous receiving tank D, which is usually of about 
1000 gallons capacity. Fig. 82 gives an. enlarged view of 
this tank. Fig. 83 showing it in conjunction with all its 
special accessories; and it is within the confines of this re¬ 
ceiver that the cane juiCe is, if desired, sulphured.* Nos. 1 
and 2 (Figs. 81, 82,83 and 84) are the sulphur furnaces, the 
sulphur fumes being led away from them by the pipe 3, 
which conveys them to one of the inlets of the branched 
casting 4, fixed to the bottom of D. Here they are in¬ 
timately mixed with the coldinconiing cane juice which has 
been brought to the same point by the pipe C, the complete 
intermixture being facilitated by the action of the air- 
pump 6, which, assisted by the gravitation of the juice, 
forces both juice and sulphur into the receiving tank D, and 
maintains an agitation and circulation throughout the 
entire contents of the receiver in order to promote uni¬ 
formity ill the continuous sulphuring of the juice. As the 
vessel D becomes filled up to the brim 6 it overflows into 
the bottom of the upper extension tank 7, and thence 
into the pump-control box 8, where it is continuously limed 
as it enters the vertical suction-pipe 9 of the juice pump E, 

‘ A fuller description of the sulphuring of cane juice is given in the 
account of the jjrocess of the manufacture of Domcrara yellow crystals 
(see page 169). 



162 TUE MANUFACTURE OF CANE SUGAR 

taking the necessary lime along with it,' the latter being 
thoroughly and uniformly mixed with the sulphured juice 



as the respective ingredients pass tliroiigli the pump. From 
the disciharge pipe 10 of this pump-'a small sample of the 
sulphured and limed juice flows continuously into a white 
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porcelain gutter, where it is joined by a constantly dropping 
testing solution. This solution records changes in colour, 
according to the amount of lime added, whereby the 



attendant determines the condition of the treated juice, 
any desired degree of acidity or alkalinity being uniformly 
maintained by a suitable manipulation of the lime-water 
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valve 11. This milk, or water of lime, is prepared in the 
three tanks seen at F, whence it is pumped up to 8 by the 
small pump 12, through the above regulating valve 11. 
The sulphured and limed juice now proceeds along the pump 
discharge pipe 10 to the absorlx G. This absorber forms an 
extremely important section of the eliminator H, and the 
special combination of the two vessels G and H is clearly 
seen in Fig. 84. Here the juice absorbs an appreciable 
degree of heat from previously heated juice which has 
already reached the eli mi nator H from the digesters I 
(Fig. 81), and after passing through the absorber G it goes 
on to these digesters, where its temperature is raised to 
some 235° Fahr., under a juice compression of some 20 lbs. 
per square inch, maintained by a specially arranged pressure- 
valve . It should be noted that the juice enters the absorber 
at 14 and leaves it by the outlet branch 15, and joins the pipe 
system of the digesters at 16. These digesters are seen in 
Fig. 81, and are virtually high-pressure heaters which very 
closely resemble those already shown in Fig. 78, through 
the heating tubes of which the juice passes, and in which it 
is subjected to the transmission of heat administered by the 
high-pressure steam which surrounds the outer surfaces of 
the brass tubes in the bodies of the digesters. Leaving the 
digesters via the pipe 17, the juice reaches the afore¬ 
mentioned pressure-valve 18, and is thus set free to enter 
the body of the eliminator through the ring pipe 19. It 
should be remarked that the term “ eliminator ” is here 
applied in quite a different sense to that usually adopted, 
a special form of juice-cleansing vessel being commonly 
meant by it. A vacuum of some six or seven inches is 
supposed to be maintained in the body of this vessel by 
m^ns of a connection to one of the adjacent factory con¬ 
densers, and the released juice gives off a considerable 
volume of steam which acts upon the cold juice passing, as ‘ 
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already described, through the tubes of the absorber 6. 
This steam is then condensed, and. the hot water with¬ 
drawn approximately represents the amount of evaporation 
which has been effected by the foregoing apparatus. All 
indestructible gases* liberated by the heat are instantly 
removed by the vacuum connection 20 (see Fig. 84), and 
another juice pump, J, is now employed to withdraw the 
juice from the eliminator through the discharge pipe 22 
(Fig. 81), and force it through the pipe 23 into the closed 
pressure separators, K, whicJi it enters entirely free of all 
gases. It is in the closed vessel K that the bulk of the im¬ 
purities are finally separated from the treated juice, the 
latter entering it at the top of these settlers; the whole 
mixed mass l)eing led into the annular space 24, which 
exists between the cylindrical side of K and the large 
suspended and truncated hollow cone 25. Passing down¬ 
wards into the cone-shaped bottom of the separator by way 
fff the lowest and narrowest opening 26 of the above annular 
spacing 24, it deposits all scum and sediment in the inverted 
conical bottom at 27; the smaller and second suspended 
cone 28 liaviTig for its object the duty of checking any 
tendency winch the sediment may have to rise again into 
the upper portions of the separator. By these means all 
solids are left behind at 27, and the clarified liquor is 
collected within the interior of the larger cone 25, from 
which it is withdrawn through a wide trumpet-mouthed 
pipe, fixed high up within the cone, which leads it away 
to be concentrated. The process of separation is thus a 
continuous one, effec-ted under constant pressure, and the 
continuously out-flowing and clarified liquor may, if so 
desired, enter the evaporator direct, and free of all gases, 
at an approximate temperature of some 190° Fahr. 
Similarly the accumulated mud, which has collected in the 
cone-shaped bottom of the separator, can be let out under 
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pressure from the bottom' discharge pipe 29, and sent 
forward from there to the filter presses. 

Another continuous system is based on the working 
principles of the French defecator (Fig^. 73), already 
described, in which the passage of the juice is continuous 



Fifl. S5. —Htttton'K continuous defecator. 


in so fAr as each individual unit of it is concerned. Fig. 85 
gives an interesting section of one of these units. The juice 
from the mill is limed cold to the degree desired and found 
most advantageous, and then flows in a constant and steady 
stream by the juice pipe A through the regulating cock B, 
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into the defecator by the pipe C, which delivers it to the 
bottom of the copper double bottom of the defecator. As 
the defecator fills up, the juice overflows and fills the vessel 
D, which is closed at the bottom. The juice then finds its 
way up the internal pipe B, and so away by the discharge 
branch F, into the clear defecated juice canal, whence it 
passes direct to the supply tanks feeding the evaporator. 
If it is desired to treat the raw juice with sulphurous acid, 
this can be done by means of either of the sulphuring 
arrangements mentioned below. The scums form, as they 
rise, a thick layer on the top of the liquid, while the juice 
flews over the edge of the vessel D to the bottom thereof, 
ascending the internal pipe and going away from the 
defecator in a clear state. Although the .temperature never 
exceeds 210° Fahr., thc^ scums become comparatively dry 
and are pushed up several inches above the rim without 
overflowing, l)eing removed from time to ifcime as they 
collect. Any matter which might be precipitated during 
t.he process, and might fall to the bottom, would, if left 
there, interfere with the heating efficiency of the copper 
bottom. This is therefore removed once in twelve hours 
by gently revolving the scraper, and so loosening the in¬ 
crustation, and then suddenly opening the bottom discharge 
cock for a moment, allowing the rush of liquor to carry out 
the deposit; thus the defecator, under these conditions, can 
work continuously for several days and nights. .Fig. 86 
shows a battery of these defecators, as they would be used 
in a sugat factory. It will be of interest here to emphasise 
the characteristic difference between the above two con¬ 
tinuous systems which have just been described. In the 
case of the Deming system, clarification of the treated cane 
juice is attained through the precipitation of the various 
impurities; whereas Hatton’s apparatus is so arranged and 
manipulated as to cause the same class of feculences to rise 
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Fig. 86.—General view of a battery of Hatton's defecators. 
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and float upon the surface of the clarified liquor. The act 
of clarification, as a matter of actual fact, takes place in 
opposite directions, the one upwards and the other down¬ 
wards, but with similar results. 

In Mauritius an auxiliary continuous system is occa¬ 
sionally in operation in which the sulphured juice is made 
to run along narrow channels formed by partitions some 
12 inches high in a wide shallow tank. At the alter¬ 
nate end of each channel, about a foot of the partition is 
slightly cut away so as to allow of overflow into the next, 
the whole forming a conduit of some 200 feet in length. 
The impurities subside eti route, and a considerable scum 
forms a blanket on the surface, and a fairly clear sulphured 
juice results, which goes forward for futther treatment. 

There are still a few*factories making refining vacuum- 
pan sugar, in which the bulk of the evaporation is done in 
the open by “ copper walls.” In these, after.the ordinary 
clarification, the juicse undergoes a further cleaning as it 
passes through the coppers, as with muscovado sugar. In 
some cases, also, where evaporation is by multiple-effect, 
and the juice is particularly impure, “ eliminators,” as 
described below, are used in addition to the ordinary 
clarifiers. 

(3) For Demerara yellow crystals. In the make of 
that variety of sugar called Demerara crystals, the system 
of clarification adopted for the manufacture of refining 
sugar has to be considerably modified and extended. The 
object aimed at is to produce a fairly high polarising sugar 
of a delicate canary yellow colour, pleasing to the eye as 
well as to the taste and smell. To carry this into effect the 
physical characteristics of the cane juice have to be pre¬ 
served carefully. The first step in the process is to subject 
the cold juice to the a(?tion of sulphurous acid gas, scienti- 
’ fically known as sulphur dioxide. This is usually done by 




Fia. 87-—Sectional view of nulphur box with its attached sulphur furnace. 
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means of what is known as a “ sulphur box.” This con¬ 
sists of a wooden rectangular tower of suitable dimensions 
(Fig. 87), the latter varying greatly according to the special 
requirements of various localities. The height of this tower 
will be found to range from 6 to 12 feet, whilst the rect¬ 
angular area is arranged to permit of the free passage of the 
full volume of the shower of juice which has to be sulphured. 
The cold juice from the mill enters at the top of the tower 
by the pipe G, whilst the sulphur gas is generated in a 
simple form of furnace seen at A, and enters the box at the 
bottom by the pipe B, under a moderate pressure promoted 
by the steam jet C, the two substances travelling in 
opposite directions and thoroughly intermixing with each 
other. The gas can be cooled by water as shown at D, E, 
and in order that the siflphur may have the fullest oppor¬ 
tunity of acting effectively upon the juice, the latter in its 
downward passage is broken up as much as possible by the 
trays or breakers II, J, which are fixed at frequent intervals 
within the tower, and throw the falling juice into a shower. 
When the latter has reached the bottom of the tower, it 
leaves it through a trapped pipe not visible in the illustra¬ 
tion, and proceeds to the heater. 

A more elaborate but very efficient sulphuring apparatus 
assumes the form of a sulphur churn, as shown in Fig. 88. 
Here A is a horizontal cast-iron cylinder of, say, 10 feet 
internal length by 3 feet diameter, within which a System 
of revolviifg scoops or paddles makes some dozen revolu¬ 
tions per minute. The cold cane juic« enters A through the 
inlet C, and, passing through the churn, emerges at the outlet 
wh(ch is situated at the opposite end of the vessel. In the 
course of its passage, however, its progress is interrupted 
by the action of the revolving scoops F, which toss it 
about in an effective fnanner, and so subject it to the 
"action of the sulphur gas which enters the churn at D, 
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and after efficiently performing its duties escapes by 
the chimney seen at H. 

In some cases again the cold juice is collected in suitable 
tanks, at the bottom of which a system of jserforated pipes 
is fixed through which the sulphur gas is forced by means of 
an air-pump. The gas thus agitsites and permeates the 



Fio. 8H.—Lfmgiiudinal uluvation of nulphur (hum. 'I he ujijmt half of the cylin¬ 
drical casing is lifted away from the lower half, in order to show the revolving 
Bcoops and puddles width toss the canc juice about within the churn. 


body of the contained juice. In each of these kinds of 
apparatus, which may assume a variety of modified forms, 
the chief object is one and the same, namely to enable the 
minimum amount of sulphur to act in the most efficient 
manner possible upon the maximum quantity of cane juice; 
and in its passage through either of the foregoing con- 



















CLARIFICATION OF THE JUICE 163 

trivances the juice comes in contact with a current of air 
which has become charged with sulphurous acid gas by 
passing over burning sulphur in the furnace. This gas, 
very soluble in water, is absorbed by the juice, which be¬ 
comes strongly acid. The effect of this is to change the 
colour of the juice to a milky yellow, while at the same time 
a certain amount of precipitation takes place. This change 
is not caused by bleaching proper, but is chiefly the result 
of the acidification. As already mentioned, if cane juice 
is allowed to become sour spontaneously, or if an acid, 
not a bleaching agent, be added, a very similar effect is 
produced. 

Tf, however, the action of the sulphurous acid were only 
this, subsequent treatment with lime would reproduce the 
original condition, and ^ere would be no object in the use of 
the former. There is, therefore, evidently some distinct 
a.ction apart from this, and it is probable that the useful 
effect of sulphuring is due to the introduction thereby into 
the juice of this powerful reducing agent, which counteracts 
the tendency which juice possesses of being darkened by 
oxidation during clarification and concentration. Tn other 
words, although the actual change of colour is due merely 
to acidification, the presence of sulphites in the juice 
bleaches it in the negative sense of preserving it from being 
darkened from oxidation. It is claimed, also, that the use 
of sulphurous acid has the effect of materially assisting the 
crystallisation of the sugar by its action upon the gummy 
bodies present. 

After being “ sulphured ” the juice passes through a 
juice-heater of the ordinary type, where the temperature is 
raised to about 212° Pahr. Care has to be taken to avoid 
excess in sulphuring, as otherwise inversion—or loss of cane 
sugar from conversion into uncrystallisable sugar—^is 
likely to take place. The acidity of juice thus sulphured is 
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not due, within ordinary limits, to free sulphurous acid, 
which has a strong inversive power, but to organic acids 
originally present in the juice in the form of salts, of soda, 
and potash. Sulphites of the latter basis are produced, and 
the organic acids liberated. Unless,"therefore, the sul¬ 
phurous acid has been absorbed in excessive quantity, the 
acidity induced is merely due to the weaker organic acids. 
The effect of these at a boiling temperature is, however. 



Fill. 89.—A battery of rectangular oliniinatorK. 


quite sufficient to cause some loss from inversion, if the 
sulphuring has been done to too great an extent. 

The juice as it comes boiling from the juice-heater goes 
to the subsiding tanks, where lime is added as already 
described under the heading of Refining Sugar. The point 
of clarification aimed at is slightly short of neutrality, a 
slight opalescence being visible in t'he subsided juice when 
viewed in a test tube. After subsidence the clear juice is' 
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run off to the eliminators. The latter may be of either 
rectangular or circular form, and Figs. 89, 90, and 91 show 
the rectangular, whilst Figs. 92 and 93 give particulars of 
the circular apparatus, deferring to the first three illus¬ 
trations, it is seeif that rectangular eliminators closely 
resemble the ordinary (Jarifiers described in Figs. 74 and 75. 
They are usually, however, of greater depth and capable of 
holding a larger quantity of liquor; and they are, in most 
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Kid. 00.— IMun of a ivctangular oliniiuator 


cases, specially fitted with a large upper gutter which 
surrounds the entire rim of the vessel, besides being also 
furnished with ball-floats and attached swivelling pipes for 
the purpose of withdrawing the clear liquor. The sur- 
rormding gutter is more clearly seen in Fig. 90, whilst one 
of the ball-floats and pipes is seen in its highest position in 
the right-hand corner of the nearest unit of the battery of 
eliminators shown in Fig. 89. 

The circular eliminators do not essentially differ from 
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rectangular ones, save as regards suci points as have to be 
modified to harmonise with their rounded contours. Thus 
the continuous gutter circles around the upper periphery 
of the curved sides, and the heating surface has to be formed 
of fixed coiled pipes (Fig. 93) in place of removable nests of 
straight tubes. In other respects the attendant would turn 
from the service of the one form to the superintendence of 
the other without, so to speak, being conscious of any vital 
alteration of surrounding conditions. Both systems may 
be arranged so as to be ecpially convenient and possibly 



yl.—Special fi>rm of roctangdlar oliinioatorK. 


equally efficient too, and it may be left to the individual 
taste to.determine which style is to be selected for use in 
any given factory. 

The rectangular eliminators, however, in Fig. 91 possess 
distinctive features which have for their object the attain¬ 
ment of a continuous and automatic clearance of the scums 
from the surface of the boiling liquor. Instead of the 
latter l>eiiig left to l)oil iTidiscriminately, thus throwing the 
scum into any or all section s of the peripheral gutter, a 
definite upper surface current is given to the mass of the 
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contents which tends to throw forward all the floating 
impurities into the broad overhanging double gutter, 
which is plainly seen in the illustration. An adjacent 
hand-wheel and spindle control the steam supply to the 
customary heating smrface, and the attendant can remain 
in front of these vessels. 

The eliminators liaving been suffieicntly filled with 
juice, phosphoric acid is added, usually in the.form of a 
solution of concentrated sup<wpho8phate of lime. The 
green colour of the juice is at once changed to a light orange 



Fid. Ihi.—Batk'ry of circular eliminators. 


or canary yellow. Steam is then turned on, and a dirty 
white scum rises which is removed by skimming. As the 
juice approaches the boiling-point it foams up, and the 
remainder of the scum is removed by “ brushing.” In 
fact, the treatment in the eliminators reproduces under 
more favourable conditions the cleansing process of the 
copper wall. The operation of clarification is now com¬ 
plete, although in some factories the syrup after concentra¬ 
tion is again passed through a sulphur box, an operation 
which is a great assistance in obtaining the desired final 
colour. 



168 


THE MANUPAOTURB OF CANE SUGAR 


The object of the addition of phosphoric acid is to 
change the green colour which remains in the juice, by 
reason of the under tempering, into yellow, which it does 
by liberating the colouring matter from its combination 
with the bases in the juice. Beforet the substitution of 
multiple evaporation for the open copper wall, the high 
concentration of the already rather acid juice led to the 
production of further acidity and consequent change in 
colour to yellow, thus doing away with the necessity for 
added acid at this stage. The production of this acidity. 



Fig. 93.—Plan and elevation of circular climinatorH. 


however, was obtained at the cost of sugar. Should the 
juice be over tempered in clarification, a greenish-grey, 
instead of a yellow, sugar results, a colour which no subse¬ 
quent treatment with phosphoric acid will rectify. In fact, 
the principle which underlies the process is that of working, 
except during the time which the juice spends in the clarify¬ 
ing tanks, with a strongly acid juice. The greatest care has 
consequently to be exercised throughout the process to 
secure a minimum of loss from destruction of cane sugar 
by inversion. With the employment of suitable evapora¬ 
tors and sound juice the loss should not amount to more 
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than 1 or 2 per cent, from this cause, but the larger pro¬ 
portion of impurities introduced into the juice by multiple 
milling and maceration has brought about conditions which 
seriously prejudice the manufacture of this kind of sugar. 
Under modern conditfions of milling, it is, in fact, frequently 
easier to make white sugar than a liigh class of yellow. 
This system of clarification for Demerara sugars entails 
considerable expense, not only owing to the cost of 
chemicals, but also to the great wear and tear of pumps, 
juice-heaters, and evaporator tubes through corrosion by 
the volat ile and iion-volatile organic acids liberated in the 
juice. 

(4) Clarification for White Sugar. I’lie process adopted 
for the manufacture of white sugar is usually what is known 
as the sulpliitation procdt«s, although in some instances the 
double carbonatation system is employed. The sulphita- 
tion method of clarification is based on the use of large 
quantities of sulphur in the form of sulphurous acid with 
the employment of a proportionate quantity of lime. The 
effect of the sidphite of lime thus formed is, in the first 
place, to keep the juice in a state of reduction, thus pre¬ 
venting oxidation and darkening; in the second, to precipi¬ 
tate freely the gums and albuminous bodies; and in the 
third, to assist the operaf ion of the filters by the admixture 
with the scum cake of sulphite of lime crystals. 

Tn the pro(;ess as generally applied, f he juice as ifr comes 
from the mills is very thoroughly strained. It is then 
transferred to the liming tanks, where it is treated with 
milk of lime in large quantities, varying with the nature of 
the juice, as much as TJ gallons of a density of 15° Be 
sometimes being required for 1000 gallons of juice over and 
above that required to neutralise the natural acidity of 
the juice. The effect 6f the large quantity of lime is to 
^parate very thoroughly the gums and the albuminous 
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impurities. It is customary, in order to facilitate this 
operation, to heat the juice to about 152° Fahr. before 
the addition of the lime. 

After thorough admixture with the lime, the juice is 
sent on to the sulphitation tanks, where sulphurous acid 
gas, derived from the burning of sulphur, is forced into it, 
until a slight but fixed degree of acidity is produced. 

The sulphured juice is now passed on to the juice- 
heaters, where the temperature is raised either to the 
atmospheric boiling point or to a few degrees above, 
although nothing is gained by the latter. From the juice- 
heaters the juice emerges and is transferred to the sub¬ 
siding vessels. There it is allowed to subside for from two 
fo two and a half hours; on account of the large amount 
of lime used in the clarification,‘there is a large quantity 
of “ bottoms,” and a longer time is thus required for 
subsidence than with the manufacture of refining sugar. 

The clear supernatant juice from the subsiders is now 
passed on to the supply tanks of the evaporator, while the 
bottoms go to filter press tanks. Here they are blown up 
and resubsided, and the bottoms from these sent to the 
filter presses. The clear liquor from the filter press tanks 
and from the presses goes directly to the evaporator supply 
tanks. 

Where a continuous sulphur apparatus is employed, 
it is advisable to sulphur tlie juice as it comes from the mill, 
liming co min g as the second operation in clarification 
instead of the first. It is a primary objective in white 
sugar manufacture that the details of the clarification 
process should be carefully attended to. One of these 
details is the accurate obtaining of the neutral reaction of 
the juice. This process is not so easily carried out when 
the sulphuring comes aftei the liming with a continuous 
sulphuring apparatus as with sulphuring in tanks. 
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From a clarification point of view—that is to say, with 
the object of the more complete removal of the gums and 
other impurities—liming as the first operation is the natural 
course. The heavy alkaline reaction means a very sub¬ 
stantial removal of impurities, especially of gums, and it 
can be readily understood that it is better to obtain this 
reaction and subsequently neutralise it with the acid, than 
to acidify and subsequently neutralise it with lime. 

A further advantage is gained by there being no risk 
of a false appearance of neutrality in the juice from the milk 
of lime containing particles of lime which escape solution 
until the juice is heated. Juice going to the heater may 
appear to be neutral and subsequently appear alkaline in 
the subsiding vessels. Heating the juice to 150° Fahr. before 
liming secures an absencft of this dange^’, but it is essential 
that this temperature be not exceeded as the doing so would 
lead to its irrecoverable darkening from the formation of 
glucates by tlie action of the lime on the glucose. 

A modification of the above process is that devised 
by Bach. In this only sufficient lime and sulphur are 
employed, in the first instances, to secure an ordinary 
clarification, the balance being applied to the syrup. As 
the latter comes from the evaporator, it is treated with the 
bulk of the lime and sulphur, raised to the boil, and filtered 
through filter presses. Filtration takes place very easily on 
account of a large quantity of sulphite of lime crystals 
becoming insoluble, and thus aiding filtration more than 
with the thin juice. A very bright and colourless syrup 
results. 

Too great stress cannot be laid on the necessity for 
careful control of each step in clarification for the manu¬ 
facture of white sugar by the sulphitation process. There 
is no room for slip or error, and the juice itself should be 
carefully watched so that any change in its character may 
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be seen and the necessary alterations made in liming and 
sulphuring. 

The other process by which white sugar is manufactured, 
but which is also used in the make of refining crystals, is 
that of double carbonatetion. The'bbject of tin’s process 
is to secure all the good effects of heavy liming in removing 
organic impurity, and at the same time to avoid the trouble 
arising from the use of large quantities of lime in the 
presence of uncrystallisable sugar when the juice is 
subjected to a high temperature. In this process the 
juice is limed very heavily—as much as 1 per cent, to 
li per cent, of the wpight of canes of temper lime being 
added to it—at a temperature of 140° Fahr. Carbonic 
acid is then pumped through it until, the alkalinity 
is reduced to a specific point, a^d the whole is filtered 
through filter presses. The clear liquor obtained is then 
raised to the boiling-point, saturated with carbonic acid, 
boiled for a few minutes to drive off the excess of carbonic 
acid, and again filtered. 

The theory of this process is that the objectionable lime 
compounds formed with the uncrystallisable sugar, being 
insoluble in a faintly alkaline solution at temperatures 
below 140° Fahr., are separated vdth the first precipitate. 
The maximum separation of albuminous matter and gums 
is also effected by the use of large quantities of lime. The 
process, however, is an expensive one, owing to the double 
filtration necessary and the high cost of lime, and can 
only be used where a supply of lime-stone is readily 
available. The process involves, too, the loss of the 
glucose, an important factor in rum or cattle-food making. 

■ The above comprise the ordinary methods of clarifica¬ 
tion in use in sugar-cane factories. Processes involving the 
adoption of tannin and alumina in various forms have been 
introduced, but they have generally failed through the' 
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results gained not being commensurate with the cost of 
materials. In the manufacture of a cheap commodity like 
sugar, there is no margin for expensive processes of clari¬ 
fication, and the use of lime, save for special makes of 
sugar, has up to now answered all the purposes of economic 
sxtraction. It may be remarked, also, that a system of 
clarification has to be adapted to the nature of the juice to be 
worked. Thus the thin juices of Demerara suit the sub¬ 
sidence systems better than the denser juices of Hawaii, 
although maceration has done much to do away with this 
distinction. 

. Lead has been used in clarification in Scoffern’s process, 
the excess being removed as sulphite, but the poisonous 
nature of this agent led to the process being abandoned. 
Pere Ijabat also mentioifs antimony as being used in the 
Fi'ench islands at the beginning of the eighteenth century 
for the manufacture of raw muscovadoes. 
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FILTRATION 

A.FTER the juice has been treated in the clarifiers, the clear 
portion of it, as a general rule, passes, as has already been 
mentioned, either to the eliminators or straight to the 
evaporators, according to the make of sugar or the extent 
af impurity of the juice. The muddy deposits in the 
elarifier tanks, or the scum which has risen to the surface, 
iccording to the system of clarification employed, together 
Hrith the impurities separated in the eliminators, are now 
run into rectangular iron vessels which are fitted with coils 
for steam-heating. To the contents of these, lime is added 
ind steam applied in the coils until a boiling temperature 
IS reached. After a few minutes’ boiling the steam is shut 
3ff, and, after subsidence for an hour or so, a further 
^[uantity of clear liquor is drawn off, to be sent either to the 
jliminators for further treatment, or direct to the supply 
tanks of the evaporator. The thick muddy residue re¬ 
maining, which should represent the impurities separated 
from the juice, together with lime, from the clarification, is 
again skimmed, and then sent to the filter presses, it being 
af the greatest importance that a high temperature be main- 
baiped at this stage. Figs. 94, 95, and 96 show different 
forms as well as various details of these presses. The last 
two figures are taken from opposite points of view, so that 
;he entire contour and arrangement of the apparatus may 
)3 clearly understood. In Fig. 95 the press is shown 
irmly closed and ready for work, but in Fig. 96 the machine' 
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is, on the other hand, slacked off and open, just as would 
be the case for cleaning and for the renewal of the cloths. 
The framework of all these presses, however much the 
shape and details may vary, consists of two very strong 
cast-iron standards, A and B (Fig. 96), of which A merely 
acts as a frame standard, whilst B is combined with the 

t. 

massive backing-plate, C, corresponding with the similar 
and separate compression-plate, D, wdiich forms the other 
outer end of the press proper. A and B () are connected 
together by powerful frame-bolts or stay-bars F (Fig. 95), 
which carry the plates or frames, (» and H, which form the 



Kih. 35 - Filter press clDsed for work. 

body of the machine. These plates and frames hang or sit 
upon the connections F, which are of sufficient strength both 
to support the weight of the former without sagging, and to 
withstand the tensile strain thrown upon them by the com¬ 
pression of the frames whilst the press is at work. The 
arrangement of the bodies of these machines is usually as 
follows: D and C (Fig. 96) are massive solid plates with 
certain apertures or ducts cast in them, and their inner 
surfaces are ribbed. Next to them an open frame, H, is 
placed, and next to H a solid plate G, ribbed on both sides. 
Then another frame H, followed again by another solid" 
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plate (I, and so on, until tJie complete installation of some 
twenty plates and nineteen frames is in place. Before the 
plates and frames are forced together, suitably shaped 
pieces of fdter-cloth are 1 brown saddle-fashion over each of 
the solid plates (1, a,nfl they are so disposed that they cover 
their eniire sid(^ suriaees, D .'tnd alone rerpiiring sjx'cial 
half-length strips for their inner surfaces. The plates, 
frames, and cloths are then forced together with a total 
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pressure measured in tons, through the agency of the power¬ 
ful screw K (Fig. 95), which is lurned by long levers in¬ 
serted temporarily in the slots b of the tightening-\vhcels 
M. As the press stands ready for work, it is made up as 
follows: first are the plates D and C (Ifig. 96), then their 
strips of filter-cloth, next the frames 11, then filter-cloth. 
Up against the latter come the plat es r)r leaves G, then more 
Rlter-cloth, and so on in regular rotation until the main 
framework of the press is sufficiently full to do the maximum 
amount of work which may be reasonably looked for, and 
yet leave a suitable amount of clearance between the leaves 

12 
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and the end frame, as will facilitate the opening of the press 
and cleaning of the cloths without having to lift any of the 
plates out of the main frame. 

At the upper right-hand corner of the leaves and frames, 
in this illustration, will be seen fairly-dzed circular openings 
through which the imfiltered juico enters the press, via the 
regulating valve R. In these holes, in the frames H, will be 
noticed through-fare passages which lead the incoming 
juice into the vacant rectangular chamber formed by the 
rim of these frames. The mud is thus retained in these 
chambers whilst the juice filters through the cloths on to 
the ribbed surfaces of the leaves. It then passes through 
small holes in the latter which communicate with one range 
of the alternately placed sets of taps, through which it 
escapes out of the filter into the juTce trough. The circular 
openings in the leaves 0 are larger than those in the frames 
H. They afie plain holes, into which vulcanised rubber 
sleeves are firjnly fixed which form the conduit joints 
between the frames and plates. 

Similarly, smaller holes are seen close to the larger holes, 
previously mentioned, which in turn communicate with 
certain passages in the leaves (I, and are the means of 
introducing steam or water to the reverse side of the cloths, 
so that, when the juice is temporarily shut off, a reverse 
current of steam or water can be employed to clear the 
cloths'^and retained mud of any remaining traces of sugar 
which may be left in thorn. This sweet water issues from 
the press through the other set of alternate taps, and the 
institution of this reverse current is an important feature of 
filter-press constroction', enabling, as it does, the press to be 
kept at work for a greater length of time without changing 
the cloths than would otherwise be possible, besides tending 
to secure a more thorough voidance of sugar which would 
have been wasted in the cloths and residual mud without 
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its assistance. Various modifications of the positions and 
sizes of all the above passages and spaces are to be found in 
different makes of presses. Sometimes the juice and water 
openings are respectively situated in diagonally opposite 
corners of the pres^ leaves, but the controlling principles 
of efficient filtration remain the same, whichever disposal 
of the details may be instituted or effected by varying 
ingenious devices of minor importance. 



Fuj. JMiA.—FilU‘r j)n*as littm! with patent hydraulic closing gear. 


When the press-frames H have become filled with a firm 
and well-washed cake of residual sediment, they are thrown 
open, as shown in Fig. 96. The mud-cake falls off the cloth 
surfaces and drops into suitable receptacles placed beneath 
the floor of the press-room. The press can then be closed 
again, and the cloths (after again being washed and steamed 
by reverse current) used afresh without actual changing, or 
another lot of the latter can be put in position whilst the 
* dirty set are sent to be cleansed. 
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Filter presses are sometimes closed and held imder 
hydraulic pressure, as shown in Fig. 96a. This form of 
applied pressure takes the place of screw-pressure as 
shown in Fig. 96. 



Figs. 97 and 98 show the details and general arrange¬ 
ment of a complete installation of presses, including the 
pump and connections by means of which the juice is forced 
through the cloths under varying degrees of pressure. 
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In this case one pump, of sufficient power and capacity, 
serves to operate the entire range of five presses; but in 



special instances each'press is furnished with its own pump, 
Fig. 99 supplies an interesting example of the latter arrange- 


Fio. 99.—Kanue of filter presses in which each press is worked by its own adjustable pump. 
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ment. Here a range of four presses is placed in a section 
of the sugar factory, from the ceiling girders of which a long 
line of shafting is suspended by hanger brackets. On the 
shafting, eccentrics are fixed opposite each press, which 
work the pumps attached to it. By means of an ingenious 
system of eccentric and suspension <rods, the stroke of the 
pump can be regulated so as to force a greater or less 
quantity of stuff through any given press as may be desired 
at any given time. 

Sometimes the use of a montejus is preferred to that of a 
pump. Then, it is customary to employ three such appli¬ 
ances to each range of presses. Thus, while one montejus 
is at work under steam pressure forcing the juice through 
the presses, another one is in courseiof filling, cleaning, and 
general preparation, so as to be reac^ for use when the first 
one is emptied. The third is used for washing, and is fitted 
with a steam ceil for the purposfe of heating the water used. 
Fig. 100 gives full particulars of such an alternative arrange¬ 
ment. 

The residue from filter presses should appear in the 
form of an apparently dry cake. It should not contain 
more than 3 per cent, of crystallisable sugar, the proportion 
of the latter depending in great measure upon the degree 
to which the cake will admit of washing with water while in 
the press. Should the juice contain much gum, there is 
considerable difficulty in obtaining a suitable cake, with a 
consequent presence of too high a percentage of sugar. 
Juices rich in sugar are generally free from gums, and on 
this account a cake can often be got from them with a 
lower sugar content than when the juice has been of poor 
quality. With the ordinary filter press it is practically 
impossible to obtain a good cake unless a steady pressure of 
40 lbs. on the square inch is maintained towards the end 
of the process. In some instances the cake, after removal 
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from the press, is mixed with water, boiled, and again 
filtered, but the expediency of this process dependb entirely 
upon the market value of sugar at the time. Fig. 101 gives 
particulars of the press installation which would then 
be used. * 


The working of filters is one of the details of factory 
work which requires great attention. Insufficient sulphur¬ 
ing, improper tempering with lime, irregular steam or pump 



pressure, imperfect or otherwise unsuitable filter-cloths 
may occasion a considerable amount of loss. In a well- 
regulated factory the loss of sugar in this department should 
not exceed 1 per cent, of the sugar coming into the factory 
in the form of juice. 

Various substances have been employed besides cloth 
as media foe filtration. Megass has been used, but up to 
now filters with this filtering medium have not come into 
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general use on account of a tendency to induce a gummy 
condition of the juice, and owing to the trouble and cost of 
constant charging and dealing with the megass. This 
question, however, still attracts the attention of engineers 
and sugar technologists. Brown cdal, a species of im¬ 
mature lignite, has also been used. When added in a 
finely divided form to the juice in the clarifiers, it subsides 
with the separated impurities, facilitating the subsequent 
filtration by maintaining the filter cake in ail open con¬ 
dition. Direct decoloration of the juice is also claimed 
for it. Large quantities are required, however, to give 
definite results, and the consequent high cost has rendered 
the use of this body prohibitive. Another agent which 
has been tried to improve the filtering properties of the 
mud from the juice is impure kaolin or china clay, used in 
the same manner and for the same purpose as brown coal. 
The cost of the employment of this agent in the necessary 
bulk prevents the employment of it becoming general. 

Sand as a filtering medium has been advocated from 
time to time, and although no filter of which it forms an 
integral part has come into general use in sugar-making, 
there seems to be great possibility of the ultimate ap¬ 
plication of sand to this purpose proving successful. The 
great difficulty to be contended with is cleaning the sand 
satisfactorily without removal from the filter; otherwise 
the cost of handling becomes excessive. This obstacle to 
general use has prevented the constant employment of tlie 
simpler and original forms of such filters, and in sugar 
factories in which they were actually in.stalled their services 
have not been utilised any more frequently than could be 
avoided, the filters being chiefly held in reserve for 
emergencies. Experience has shown that in most cases 
the foul sand cannot be sufficiently efeansed by the washing 
action of an ordinary reversed current of water acting upon 
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it in situ. The filtering medium must be either completely 
removed from the filter or stirred up sufficiently in a suitable 
manner while within the latter, for the purpose of affording 
the water an effectual opportunity of ridding the sand of all 
sediment and sticky impurities. 

Figs. 102 and 103 give particulars of a more advanced 
type of sand-filter, which has for its objects the amelioration 
of some of the accompanying troubles due to the necessity 



Fid. lOii ' lijittfry of Haiid-filtcii-H for the filtration of cane juice. 


of the frequent removal and washing of the filtering 
medium, and the attainment of the largest possible filtering 
surface within the most compact limits. Fig. 102 describes 
the general arrangement of a battery of such filters, and 
Fig. 103 is an enlarged section of each unit vessel. The 
latter is a suitably-sized cylinder, fitted in the centre with a 
l>erforated pipe, 2, of large diameter, both cylinder and 
internal pipe having conical terminations at their lowest 
extremities. Between the outside cylinder and the 
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general use on account of a tendency to induce a gummy 
condition of the juice, and owing to the trouble and cost of 
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and sugar technologists. Brown cdal, a species of im¬ 
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finely divided form to the juice in the clarifiers, it subsides 
with the separated impurities, facilitating the subsequent 
filtration by maintaining the filter cake in ail open con¬ 
dition. Direct decoloration of the juice is also claimed 
for it. Large quantities are required, however, to give 
definite results, and the consequent high cost has rendered 
the use of this body prohibitive. Another agent which 
has been tried to improve the filtering properties of the 
mud from the juice is impure kaolin or china clay, used in 
the same manner and for the same purpose as brown coal. 
The cost of the employment of this agent in the necessary 
bulk prevents the employment of it becoming general. 

Sand as a filtering medium has been advocated from 
time to time, and although no filter of which it forms an 
integral part has come into general use in sugar-making, 
there seems to be great possibility of the ultimate ap¬ 
plication of sand to this purpose proving successful. The 
great difficulty to be contended with is cleaning the sand 
satisfactorily without removal from the filter; otherwise 
the cost of handling becomes excessive. This obstacle to 
general use has prevented the constant employment of tlie 
simpler and original forms of such filters, and in sugar 
factories in which they were actually in.stalled their services 
have not been utilised any more frequently than could be 
avoided, the filters being chiefly held in reserve for 
emergencies. Experience has shown that in most cases 
the foul sand cannot be sufficiently efeansed by the washing 
action of an ordinary reversed current of water acting upon 
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cylinder, and. subsequently percolating through the sand, 
passes into ^e interior of the central perforated pipe, 
leaving the filter by the outlet branch shown at 3, having 
left the deposited solids distributed throughout the section 
of the sand. 



Fig. 104.—View of single vessel of sand-filter, showing pumps. 


When the sand has become choked with impurities, the 
inlet-valve 4 can be closed, and compressed air can be 
admitted to the top of t];ie interior of the cylinder to expel 
the remainder of the filtering juice which remains in the 
sand, and thus minimise loss of sugar. The compressed air 
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is then shut off, and the bottom outlet-door 7 thrown open. 
Water instead of juice is then admitted through the re¬ 
opened valve 4. This inrush of water passes direct to the 
outlet-door 7, washing away with it the whole of the scum- 
clogged and descending sand, whicfi freely escapes into a 
suitable receptacle which is placed to receive it. The filter 
after washing is then empty and clean, and ready to be 
refilled with a fresh charge of sand, the previously used foul 
sand being taken away to be washed and made ready for 
use in one of the succeeding filters in the battery. 

Fig^. 104, 105, and 106 furnish details of a promising 
type of sand-filter, for all-juice use, which is intended to 
obviate the necessity for removing the sand from the 
interior of the filter when the former becomes foul and 
requires to be washed. Filters of this type consist of 
cylindrical mild steel vessels with dished tops and bottoms, 
having marfhole doors in the top, and doors in the side for 
emptying the sand. In the bottom of each filter there is a 
central connection with hollow radiating arras carrying 
conical pots filled with coarse gravel and covered by finely 
perforated tops. The space from the dished bottom up to 
the lip of the conical pots is filled solid with concrete, .so 
that there is no space for foul master to accumulate. The 
space above the concrete, up to within a few inches of the 
top of the parallel portion of the body, is filled with suitable 
sand. Fixed to the top of each vessel there is a simple head 
box, through which passes a hollow spindle with a bevel 
wheel on the top, and hollow radiating arms at suitable 
heights, .so as thoroughly to stir up the sand. Each arm is 
fitted with rakes and special spraying devices. The head 
box is fitted with facings and, valves for the juice inlet and 
wash-water discharge, steaming-out connections, and a 
water connection leading to centre of hollow spindle. The 
bottom has a T-piece with valves and connections to the 
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■lear-juioe discharge- on the. one side and wash-water inlet 
in the other. Over the filters runs a countershaft with 
•level wheels and clutch gear arranged so that any filter may 
lave its stirring gear thrown into action. This counter- 
ihaft is driven by a belt-drive from any convenient source of 
lower. Duplex pumps fpr water and juice are provided. 

The method of working is as follows: Juice from any 
iesired source is discharged by the juice pump into the head 
jox of the filter. Falling on to a splash-plate, it is dis- 
,ributed over the top of the sand, and by the pressure of 
;he pump forced down through the sand, then through the 
•onical boxes. Finally it is discharged by the outlet in the 
lottom to the main, and delivered to the evaporator supply 
lanks. 

When the juice becoihes so reduced in volume as to 
ndicate that the filter has become dirty and requires 
"leaning, the valve lietween the juice supply a«d the filter 
s closed, also the outlet valve between the delivery at the 
lottom and the dear-juice main. Then the valye betweei^- 
,he wash-out pipe and the bottom of the filter, and the valve 
letween the head box and the wash-water discharge are 
ipened, and the water pump started to deliver a large 
/olume of water through the T-piece in the bottom of the 
iand-filter; this flows in a reverse directit)ri to the juice, and 
Gradually displaces all the juice which has been retained in 
.he filter. This is returned to the scum blow-ups, and as 
icon as.the falling density indicates that all the sweets have 
seen removed in such manner and that only dirty water 
•emains, the connection to the scum blow-ups is closed, 
ind the connection to the drain is opened, a current of 
vater being thus maintained through the sand and on to 
/he drains. The valve from the wash-water pump to the 
irertical spindle is next opened, and the stirring gear clutch 
Jhrown in; this causes the hollow spindle with its arms to 
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revolve, and as they revolve the sand is stirred up, and 
further washed by means of the sprays proceeding from 
each hollow arm. As soon as the effluent water is perfectly 
clear, the wash-water pump is stopped, the water con¬ 
nections closed, and, if so desired, the plant thoroughly 
steamed out before the juice connections are re-opened. 



Fio. 107.—Exteridr view of a double net of bag-filtor8. 


' It will be observed from the foregoing description that 
the sand should seldom be changed. If at any time its 
removal is necessary, for inspection of the interior of the 
filter, or for repairs or renewals, the sand-emptying doors 
provided on the sides of shells are used. 
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The whole of the clarified juice, or the syrup after con¬ 
centration, is often filtered in bag or stocking filters. These, 
known as Taylor’s filters, are shown in Figs. 107,108, and 
109, and consist of a group of from twenty-five to fifty 
strong bags or stockings made of stout woven filter-cloth. 
These are usually arranged in the manner shown in Fig. 109 
at A,_from which it will be seen that they are suspended in a 
manner suited to the continuous reception and inflow of 
the unfiltered juice. B is either a fixed or removable iron 
plate of considerable thickness, which is perforated with 
numerous holes, as seen in Fig. 108. These holes are fitted 


B 



Ful. 108.—Plan view of tho nozzle plate of a bag.filter. 


with gun-metal sockets permanently fixed in the plate B, 
and furnished with screw threads for the reception of the 
gun-metal bell-mouthed cones, to each of which a bag is 
tied; or else are plain sockets, the bags being held in their 
place by means of a ring. The frame-plate B and its 
attached stockings C are enclosed in an iron box or casing, 
D, to which access is obtained by means of the closely 
fitting doors, F, seen in Fig. 107, an illustration which also 
gives a clear idea of the general appearance of a group of 
two or more such boxes* or sets, as they would appear from 
•the outside when at work. When the frame-plate and bags 
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ire in their working position the sides of tfie ehambers D 
?xi end a suitable height at 11, above the level of the top of 
die frame-plate B, and into the. upper tank thus formed the 
mfiltered juice is led‘by a pipe or gutter. It thus gravi¬ 
tates through the socket-holes and bell-mouthed cones into 
the bags, which in this manner are,kept full under a trifling 



Fro, 109.—General view <if a labour-savint! ariansement wliieh facilitatoH the 
removal ami renewal of the bag«. 


pressure, and the juice percolating through the stockings 
is filtered, while the sediment is retained in these bags. In 
due course the latter become filled with fairly solid mud, and 
have to be removed from the chamber and replaced with a 
fresh set of clean stockings. This removal and replacement 
is frequently effected solely through the doors F, each bag 
being separately and successively taken out with its gun- 
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raetal cone or ring to which it is attached. In order to save 
time, the more modern method displayed in Fig. 109 may 
very satisfactorily l)e adopted, more especially where a long 
row of filters is employed. In such case a frame full of 
clean bags is ready waiting to take th^ place of a similar 
frame full of dirty bags^ and the latter can then be more 
conveniently removed, cleansed, and prepared to take the 
place of a succeeding batch of dirty bags. It is important 
that the juice to be so filtered should be as hot as possible, 
and a steam connection, J (Fig. 107), usually supplies 
steam to the interior of the filter chamber, so that the high 
temperature desirable for the promotion of rapid filtration 
may be maintained as much as possible. The filtered juice 
falls from the bags into the bottom of the chambers D, and 
is withdrawn thence tlirotigh the outlet valves K on its way 
to the evaporators. 

It will have been noticed during the perusakof the above 
description of the Taylor filter that the juice first enters the 
interior of the stockings, and, passing through the woven 
material of the latter, leaves all the sediment within them. 
At times it is somewhat tedious work to remove this fairly 
solid scum, and turn the long stockings inside out for the 
purpose of cleaning them thoroughly. An appreciation of 
the very considerable amount of labour thus involved has 
led to the adoption of another style of bag-filter, in which 
the unfiltered juice passes through the bag from the outside 
to the inside of same. Thus only the filtered juice obtains 
access to the interior of the cloth, and the sediment is left 
outside. These filters are also known as gravity-filters. 
Fig. 110 will assist in the explanation of their leading 
characteristics. Each unit consists of an oblong cast-iron 
rectangular box. A, of sufficient strength and long enough 
to contain about fifty'brass spiral filter-bag frames, B. 
•Over the latter suitable filter-cloth bags are drawn and 




fixed, and the clothed frames are then placed in position sidi 
by side in the box A, as seen at C. Tt will be under8too( 
that if cane iuice now fills A, it will entirely surround tb 
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surfaces of each of the bags, and, passing through them, will 
leave the sediment behind in the box, or adhering to the 
exteriors of the bags. The frames and bags are so adjusted 
and secured that no juice can escape from the box, after 
once entering it, without passing through the bags, from 
the interior of which it is le-d by suitable ducts as filtered 
juice through D. Were the box A left open at the top, 
whilst at work, and the sides extended upwards to a 
moderate height so as to contain a small head of unfiltered 
liquor, these presses would, so far, at least, as their method 
of working is concerned, l)e the converse arrangement of the 
Taylor filters. They are, however, almost invariably fitted 
nowadays with easily removable covers, F, which can be 
firmly fixed and hydraulically sealed, as seen at H, and a 
moderate degree of static*pressure is obtained in connection 
with the inflowing juice, by introducing the latter to the 
presses through a stand-pipe of sufficient height, which 
secures the assistance of moderate pressures to hasten the 
juice through the filter-cloths. The unfiltered juice enters 
the press chamber at J, and the sediment can be let out of 
the filter at suitable intervals through the outlet K, and it 
should be observed that, owing to the fact that the clothed 
frames are constantly standing immersed in the hot liquor, 
much of the mud, which would otherwise adhere to the 
external surfaces of the bags, is being continuously washed 
ofi them, falling to the bottom of the chamber A. By this 
action the presses remain at work for longer periods of time, 
without cleaning, than would otherwise be the case. 

Filtration of “ bottoms ” and scums is not invariably 
carried out, other conditions than those of mere sugar¬ 
making influencing their manner of treatment. It may be 
that sugar-making, although of great importance, is not the 
primary economic feature of a sugar-cane estate. In 
•Jamaica, and other places where rum Is a speciality, the 
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profit of a sugar estate may depend upon tlie value of the 
rum crop, the flavour and consequent high price of the 
latter resulting in great, measure from the free use of 
clarifier-bottoms and “ skimniings.” This practice leads 
to a sugar better in quality, although less in quantity, and 
a better rum of greater quantity than would accrue through 
the employment of the ordinary procedure. The limited 
character of the high-class rum market does not, however, 
encourage the maintenance of this principle. 



CiUPTER VII 

CONCKNTRATIOK OF THE JTMCK 


The impurities of the juice have now as far as possible been 
eliminated, though there still remains the saline matter 
originally present, toget.her with some of the lime added in 
clarification. Phosphoric and sulphurous acid are also 
found in some quantity -the former in the form of phos¬ 
phates and the latter of sulphites, if yellow or white sugar 
is made; whih* some of tRe gums, if originally present, with 
traces of colouring and albuminous matter, remain behind 
in solution. In tlu, case of the carbonatation process, there 
has been a disappearance of uiunystallisable sugar. A 
.small proportion of Ihe crvstallisable sugar (about I per 
cent .) also remains in the filter cake. When no wafer has 
been added for jiurposes of maceration, the density will be 
somewhat higher than that, of the original juice, owing to 
evaporation during t he process of heating. Although there 
has lieen a loss of bodies heavier than wat er in clarification, 
which woidd tend to lower the density of the juice, this has 
been more t han conqiensat ed for by t he loss of water in such 
incidental evaporation, especially where eliminators have 
been used. The various chemicals added and remaining in 
solution also t,end in the direction of rise of density. When 
niaceration has been employed, the density of the juice 
depends largely upon the proportion of water added at the 
mills. The juice at this stage should present a clear and 
bright yellowish to olive"green colour, according to the class 
'of sugar being made, a slight opalescence appearing in the 
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case of tlie manufacture of Demerara crystals, as tlfe re^t 
of the “ tempering ” employed. The next step in the 
process of sugar-making is that of concentration, with the 
view of preparing a syrup suitable for the subsequent 
crystallisation process. This means, in modern sugar¬ 
making, that, with normal juice, say possessing a density of 
10° Be., about 75 per cent, of the original volume, together 
with the water due to maceration, has to be removed. 

In the early days of sugar-making, the boiling was done 
entirely in vessels exposed to the atmosphere and h. ated by 
fires kindled with wood, or by the megass or bagasse—the 
crushed cane residue from the mills, dried in the sun to 
render it suitable for ready burning. Indeed, where the 
primeval tropical husbandman grew and ground his few 
canes, the pot in which the clarification was conducted 
supplied also the evaporating vessel. When, however, 
operations were conducted on a larger scale, instead of a 
single pot, a series of caldrons or coppers were employed, 
built together with brickwork, and so arranged that the 
surplus heat of the fire under the first copper, or tayche,was 
utilised to heat the succeeding vessels; a chimney at the 
end of the battery opposite to the furnace carrying away 
the waste products of combustion, and providing the 
necessary draught. These batteries consisted of four or 
fiive vessels, the first being used also for clarification pur¬ 
poses. A previous illustration (Fig. 72) taken from the 
work of P6re Labat on the West Indies, published in 1722, 
gives an excellent idea of the “ copper wall,” as then used 
in Guadeloupe and Martinique. It differs but little from 
that in use in the present day, but from the author’s 
description of the sugar-making process then extant, the 
third “ tayche ” was also used for clarification, the extract 
of herbs then used being, as already observed, added at that 
stage of the process. Fig. Ill gives a plan and a longi- 




Fio. UI.—Plan and longitudinal section of a modem “ copper wall.’ 
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:u(linal sectional elevation of a modern copper wall which 
3ontaifls four o?these tayches. It will be noticed that the 
latter aje nowadays of considerable size, the total juice 
contents of such a battery frequently amounting to some 
3000 gallons, to enable the battery to cope with the larger 
pantities of cane juice which have, usually to be dealt with 
in a modern sugar factory. 

The position of the fire-grate, and the action of the 
flames upon the contained fluids, will be appreciated by an 
jxamination of the illustration; and it should be noted that 
)he inflowing juice is first directed into ilic largest tayche or 
1“ grand copper,” which is situated farthest away from the 
nre. As the juice is being skimmed and boiled, it is also 
Imled from tayche to tayche, as already described, until it 
reaches the smallest copper fixed almost immediately above 
the fire-grate, from which, in some factories, it is usually 
withdrawn tq proceed to the vacuum pans. Various de¬ 
grees of concentration of the juice are attained by this 
apparatus, the results depending upon the class of sugar 
which is being made. When a high class of vacuum-pan 
sugar has to be produced, the juice will frequently be re¬ 
moved from the copper wall at a density of some 17° Be., 
while in cases of the production o^ muscovado sugar the 
higher density of 48° Be. is attained. In the great majority 
of sugar factories the waste heat from these batteries is 
utilised to raise steam for factory purposes, and in numerous 
cases the entire steam requirements are thus met. Fig. 112 
shows how a steam-boiler is usually aflded and embodied as 
an ahnost indispensable accessory to the complete setting of 
most copper walls. 

These batteries, in the (5ase of the manufacture of lower- 
class sugars, did the whole of the work of concentration up 
to the crystallising point, and do s6 still in the few cases 
where muscovado sugar is made. The great objection to 
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them lies in the injury done to the juice by the prolonged 
exposure to high temperature while in contact with air. As 
juice becomes concentrated the boiUng-point rises, and as 
the boiling-point rises the loss from what is known as 
“ inversion/’ the formation of uncrystallisable sugar from 
the crystallisable, occurs. This action takes place with 
special force in the presence of acids. The juice boils 
tumultuously in the majority of the tayches, and as it is 
baled by the lusty negro from copper to copper, contact 
with air at the high temperature produces or intensifies 
acidity, the loss of sugar from this cause being thus 
accentuated. As mentioned under the head of Clarifica¬ 
tion, the effect of the usual tempering of juice is to produce 
a faintly acid or neutral reaction. This soon develops, in 
circumstances such as these, iffto pronounced acidity. 
Exposure to air of clarified juice also has a darkening effect, 
due to the result of oxidation. 

Various modifications of this type of copper wall are 
more or less in use in various countries, and Fig. 113 shows 
an arrangement which is commonly known as the “ Jamaica 
Train.” It is composed of a suitable number of either 
cast or wrought iron or steel hemispherical pans, preceded 
by a shallow oblong pan which is mounted at a higher level 
than the circular pans, and in such a manner that it may 
act, if so desired, as a defecator. The latter is provided 
with a discharge pipe and cock, through which the defecated 
juice is withdrawn into the circular evaporating pans as 
required. Tf) avoid loss of juice by its absorption in the 
surrounding brickwork, and generally to ensure maximum 
cleanliness, the evaporating pans hawe a capacious sfcim- 
ming-tray secured to their upper edges, which is provided 
with a suitably raised outer rim. It will easily be seen that 
the methods of manipulating this apparatus are practically 
identical with those employed in the case of a copper 
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wall, with the direct heat of a fire as the evaporating 
agent. 

Fig. 114 shows a second modification of the copper wall, 



which takes the form of a terrace battery of open undet- 
ftred evaporating pan^ used in conjunction with a final 
tilting ” pan. This style of juice-boiler is much used in 
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certain localities, and presents decided labour-saving 
advantages. As will be seen from the illustration, it con- 



Fia. 114.—Plan and longitudinid wction of a torratu bnltcry of open under-fiicd 
evaporating paiiH. 


sists of a series of speciallj’^ shaped rectangular pans, of 
moderate depth, placed in terraces, the one above the other. 
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These pans vary in size, and are so arranged that the more 
concentrated the juice, the smaller the pan, and the more 
intense the heat which is applied to it. The uppermost pan 
first receives the incoming juice, being divided into two 
compartments, which may each be used alternately for the 
purpose of defecating and preparing the juice for concentra¬ 
tion. The flue at this point is likewise divided with the 
same object in view, and fitted with controlling dampers. 
The defecated juice is now drawn, as required, from one of 
the divisions of this upper pan into the first and adjoining 
evaporating pan, the rate of flow being controlled by a 
suitable adjustment of the cocks provided for this purpose. 
In the same way, the partially concentrated juice is next 
drawn from the first to the second, and then from the 
second to the third or syfup pan, the flow of juice from pan 
to pan being regulated as before by the cocks attached to 
each vessel. A certain degree of concentration having 
been attained, the syrup is then withdrawn from the syrup 
pan into a gutter, shown in the plan, which leads it into the 
finishing pan, which is set to one side of the main battery. 
This finishing pan, which is provided with its own separate 
furnace, sits upon specially arranged brickwork, so that it 
can be tilted for the emptying out of its contents, and it is 
within this vessel that the highly concentrated juice is 
boiled to “ string ” or crystallising point. When this stage 
is reached, the pan is tilted through the agency of suitable 
gear, and its (;ontents are discharged into coolers for further 
treatment in moulds or centrifugals. 

A third system of concentration by direct fire-heat is 
shown in Fig. 115. In this case the train or battery con¬ 
sists of a very long and shallow pan of suitable width, which 
is divided transversely by numerous plate divisions. These 
divisions, consecutively, have openings at alternatively 
•opposite sides of the train, thus forming a long and 
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tortuous channel extending from end to end of the battery, 
down which the juice meanders continuously from side to 



side, between the divisions, until in course of time it arrives 
at the outlet situated near the firing end of the battery, 
?rhich*it first entered at the end farthest from the fire. • 
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The admission and subsequent discharge of the juice are so 
regulated, that by the timQ the latter has reached the point 
of withdrawal, it has been concentrated to “ string ” point, 
and is ready to be put into coolers or moulds. In the case 
of this apparatus the discharge of the dense syrup is 
effected by means of a specially arranged syphon. 

Still another form of copper wall has been very ex¬ 
tensively employed, in the form of what is known as a 
“ concretor ” plant. In this apparatus the bulk of the 
evaporation is effected in a series of iron trays fitted with 
specially arranged partitions and shallow channels, which, 
as in the case of Fig. 115, cause the juice, in passing from 
top to bottom of this inclined battery, to travel a compara¬ 
tively long distance. These trays, with one important 
exception, are heated in the same manner as the copper wall 
and its relative apparatus, and, as the juice flows in a thin 
layer, evaporation proceeds with considerable japidity. It 
should, however, be noted that in the case of this concretor 
the thin juice is first subjected to the greatest heat, and 
travels, with regard to the position of the fire, in a direction 
opposite to that pursued in the case of each of the foregoing 
evaporators. Fig. 116 gives general details of the arrange¬ 
ment of this apparatus. The main portion A, comprising 
the trays, may extend over a length of some forty feet, and 
forms a gentle zigzag incline, down which the juice slowly 
runs. At the foot of this incline an air-heater, D, is placed, 
the heated air from which is caused, through the. action of 
a fan, to pass through- the revolving cylinder E, where it 
meets with thin films of partially concentrated juice which 
have been led into B from the trays, thus completing the 
concentration. The interior of E is fitted with a number of 
scroll-shaped plates, by means of which, in combination with 
the rotation of the cylinder, large surfaces of the syrup are 
•exposed to evaporation under the action of the current of 
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heated air which is blown through it. After some twenty 
minutes’ treatment in E, the concentrated juicie is cooled to 



a solid mass, in small moulds, for shipment to the refineries, 
where it undergoes further treatment. In some localities 
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the tray portion, A, of this concretor has been used without 
the accessories D and E, and in this curtailed form it has 
taken the place and performed the duties of evaporation 
which would have otherwise been effected by one or other 
of the three preceding “ walls.” 

In each of the foregoing systems of. evaporation, the 
application of the direct heat of a wood or megass fire has 
been relied upon as the agent wherewith to effect the con¬ 
centration of the cane juice. In some cases such methods 
are liable to be wasteful of fuel. In others the amount of 
hand labour involved is a serious obstacle to economy; and 
in all of them the application of so intense and dry a heat as 
that of a megass or wood furnace is open to serious objec¬ 
tion. The temperature in furnaces of this class may range 
to fully as high as 2,500° Fahr., and the corresponding 
temperature prevailing in the striking tayche of a copper 
wall is at any point of the boiling mass not lass than from 
230° Fahr. to 235° Fahr., while it must necessarily be 
greater in the bottom of this pan, which lies almost im¬ 
mediately above the fire-grate. 'J’he most wasteful form 
of these directly heated evaporators, both as regards fuel 
and labour, is that shown in Pig. Ill. But while the labour 
bill remains unaffected, economy of fuel is promoted by the 
installation of a steam-boiler at the end of the “ wall ” in 
order to effect the utilisjition of the waste gases for steam ■ 
raising purposes. Similarly, Fig. 114 indicates an effort 
to abolish the employment of the gang of labourers who 
would otherwise be required to remove the juice from pan 
to pan. The Panela train (Fig. 115) and the concretor 
fFig. 116) have the same object in view; the latter also 
reversing the application of the direct heat, and applying 
the fiercest temperature to the thinnest juice —as already 
mentioned. Taking the various drawbacks of the earlier 
• and cruder processes into consideration, it is not surprising 
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to find that steam heating has come universally into vogue 
in all modern factories of the best class, although its adoption 
has been marked by a gradual development and elaboration, 



with a view to concentrate the cane juice through the agency 
of the lowest possible temperatures. 

The simpler forms of steam evaporating pans retained, 
to some extent, the general style of form and arrangement. 
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wbich characterised the older direct-fired evaporators, as 
will be seen in Pig. 117. In this case, as in Figs. 115 and 
116, the juic,e to be concentrated runs slowly from end to 
end of a tortuous channel or gutter, in which steam-heating 
coils are located, the latter taking the place of and perform¬ 
ing the act of coticenimtion which would formerly have 
been effected by a fire acting beneath these trays. Or, as in 
Fig. 118 (like the old copper wall), the juice was passed on 
by means of suitably arranged valves from unit to unit of a 



Fill. 12U.—Anpinall evapomting pan. 


series of circular pans fitted with steam-heating coils. The 
next illustration. Fig. 119, shows a very similar steam 
battery, in whicli the tanks or pans are of a rectangular 
shape, the arrangements of the steam pipes being modified 
accordingly. Each of these trains can be worked on the 
continuous system when desired; but some sugar-makers 
prefer to deal intermittently with separate batches of juice 
at a time, or, at all events, complete the concentration “ to 
'grain ” in a separate apparatus. In either of such cases an 














































THE MANUFACTURE OF CANE SUGAR 


Aspinall, Brocklehurst, or Simpson pan is frequently used, 
and Figs. 120,121, and 121a give full particulars of such 
evaporators. The pans themselves are constructed of steel 



ri({. 121.--'Sim])son (‘vaporatiiig pan 

plates, within which removable or fixed calandrias are 
provided, fitted with numerous brass tubes, which permit 
of an efficient circulation of the juice. High-pressure steam 
is admitted to the drums or calandrias, and tlie thin juice 



Fjo. 121a.— Brocklehurst evaporating pan. 

concentrated to “ striking point.” It will also be noticed 
that these pans are provided with large-sized striking-doors, 
which permit of the rapid discharge of the highly con¬ 
centrated contents. 
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the copper wall as an evaporator. In fact, the latter acted 
more as an eliminator and less as a copper wall, according 
to the power of the vacuum pan plant attached to it. As, 
however, concentration in a vacuum pan is a costly opera¬ 
tion as regards fuel, the use of a copper wall was still con¬ 
tinued to effect a large proportion of the evaporation. 



Fiii. 120.—Early form of vacuum pan. 


Multiple crushing also, in which the juice is far more 
charged with impurities than when the old-fashioned 
steam or wind mill was used, and where damage to the 
juice from open boiling is far greater, tended further to do 
away with open evaporation, and the vacuum pan became 
more and more of a necessity. Following the intro¬ 
duction of the vacuum pan, and later as an indispensable 
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adjunct to multiple crushing, the multiple system of 
evaporation, taking the place of the evaporation hitherto 
done on the copper wall, came into general use. 

In the copper wall itself, the only attempt at economy 
of heat lay in the utilisation of the waste heat from the 
first copper (under which a fierce fire was necessary in 
order to deal effectually with the already dense syrup) to 
heat the juice in the second, the effluent heat from the 
second heating the third, and so on, the heat value of the 
vapour from each copper being still lost in the atmosphere. 
Early in the last century, however, experiments were made 
on the Continent in connection with the then fi.sing beet 
industry in the direction of the utilisation of the vapour 
heat from one vessel to effect evaporation in a second, and 
so on. Three vessels were more generally used; of these 
the first two were closed, except for a pipe whi(!h conducted 
the vapour arising from the ebullition of the one to the 
heating space of the next, steam being applied in the 
heating space of the first vessel. As t.he heating medium in 
each instance must be hotter than the body vo be heated, 
and as the boiling-point of the last or open vessel was that 
of the atmosphere, it followed that the boiling temperature 
of the first vessel, and consequently of the initial steam, 
had to be considerable for substantial work to be done. 
The juice, therefore, had by this system*the great disad¬ 
vantage of being subjected to an extremely high tempera¬ 
ture. These disabilities were more than sufficient to 
counterbalance economy of fuel from the threefold work 
done by the steam. 

The vacuum pan, which was invented by Howard about 
1812, removed this disability; and in 1845, Eillieux, a 
French engineer residing in the United States, took out a 
patent in that country for a multiple evaporator, in which, 
by the use of a vacuum pump, and by condensing the 
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vapour with water, as in the vacuum pan, a suitable boiling 
temperature was obtained in the last vessel, and pro rata in 
the others, which at once brought the system within the 
range of practical sugar-making. All modern multiple 
evaporators are based on Rillieux’s system, save in the 
detail that a granulating pan, rarely seen in cane-sugar 
factories, worked by the vapour from t.he first vessel, was 
included in the original scheme. 



Fig. 127 shows the principle upon which multiple 
evaporators are constructed. Into the steam space A of 
the vessel 1, steam is admitted, which boils the contents of 
this vessel in the space B. The vapour from vessel 1 passes 
through the connection C into the steam space D of vessel 2, 
and boils the liquor in the space 1^ of that vessel, the vapour 
from which passes in turn into the steam space F of vessel 3, 
the vapours from the juice space of this last vessel passing 
to the condenser G. ‘Here it meets with a jet of water 
drawn in by the vacuum, and is condensed, the condensed 
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vapour being taken away by the vacuum pump. It is tlius 
seen that the initial steam brings about the boiling in nil 
the vessels, and may thus be looked upon as being used ns 
many times over as there are vessels in the apparatus. 
This result, brought about by the lowering of the boiling 
temperature in the last vessel by, means of the vacuum 
pump, produces a lower boiling temperature in any one 
vessel than in the one immediately before it. In this way 
the heat of the initial steam is limited to a moderate degree 
of temperature, and is again used in each v<'ssel, the cost of 
this economy being that of the fuel requTe<l to work the 
pump which maintains the vacuum in the list cessel, 
which in many cases also removes the wuiter from tlic con¬ 
denser. The juice is made to travel slowdy f, )m one vi'ssel 
to the next through suitable conliections whirl, are fixed 
between the respective vessels, the difference in i he vacuum 
existing in tlje adjacent bodies being sufficient to el.ect this, 
while the concentrated juice from the third vessel is dr^wn 
off by a pump. 

By reason of the greater amount of heat required- to 
evaporate a given weight of water as the boiling-point is 
lowered, and also from losses from radiation unavoidable 
in practice, a given weight of steam introduced into the 
first vessel will not evaporate n times its weight, when n 
vessels are used. In practice, however, the following 
figures, representing the amount of evaporation resulting 
from the use of 1 lb. weight of steam in the first vessel, are 
obtained. It should be pointed out, however, that the 
whole of the evaporation in these results is credited to the 
steam used, whereas a small portion of it is due to the heat 
of the hot juice going into the first vessel. As the latter 
enters at a temperature of, say, 190° Fahr., and leaves 
Si at, say, 130° Fahr. in greatly reduced bulk, a certain 
amount of heat has been given up in transit through .the 
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evaporator whicli lias produced a definite amount of 
evaporation:- - 

Doubli! effect.1-8 lbs. 

Triple efloct .. .. .. .. 2-7 ,, 

Quadnijilc effect .3-5 „ 

Quintuple effect ..4-3 „ 

• 

As already mentioned, in calculating the net economy, 
purely from the point of view of fuel, as compared with 
atmospheric evaporation, the proportion of steam ex¬ 
pended in running the vacuum and other pumps connected 
with the apparatus should be deducted. 

It is now desirable to describe more fulb‘ the structure 
and work of an ordin§,ry standard multiph effect. In this 
connection it should still be borne in mind i hat the vacuum 
pan was the earliest fornvof apparatus in which evaporation 
was performed in vacuum (Fig. 126). This evaporator, 
however, was c-hiefly arranged for a double purpose. It had 
not merely to complete the concentration of the cane juice 
for the purpose of producing lower classes of sugar as with 
the older evapt)rators, but it was also intended to ensure 
the formation of a suitable mass of crystals which would 
constitute the higher classes of sugars that are nowadays 
placed upon the market. The characteristic shape of a 
vacuum pan, and the arrangement of its heating surface, 
were therefore moulded in accordance with such special 
requirements, as shown in this illustration, which, notwith¬ 
standing numerous modifications, is nevertheless the 
approximate basis of all modern vacuum pans. It is not 
necessarily constructed on the lines best suited to the 
requirements of economical evaporation pure and simple, 
but chiefly assumes the special characteristics requisite in 
cases in which the formation of high-class sugar crystals has 
to be efiected within its confines. On the other hand, if 
should be clearly understood that the duty of a multiple 
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evaporator is confined solely to the concentration of thin 
cane juice to a density of, say, 30° Be., thus mer^ pre¬ 
paring it for further and special treatment in the vacuum 
pan, within which the grain is formed. 

Were a vacuum pan required merely to act as a single¬ 
effect evaporator to prepare the juice for the vacuum pan 
proper, it might be constructed as shown in Fig. 128, and 



the partially concentrated syrup would subsequently be 
passed on to its successor for final treatment, resulting in 
the production of the sugar crystals. In Fig. 128, what is 
virtually a special form of vacuum pan is shown designed 
for the purposes of partial concentration alone. It acts as a 
single effect; and for each pound of feteam used in its heating. 
surface it will evaporate 0"89 lb. of water. The thin juice. 
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is drawn into the space B of the vessel A, which it should 
fill up, before ebullition, to about half-way below the level 
of the upper tube plate C of the calandria or heating surface. 
Steam is turned on into the steam space of this calandria D, 
and evaporation tabes place, the resultant vapour rising 
into the upper portion of the vessel and collecting, in the 
dome E. It now passes downwards, through the capacious 
vapour pipe F, to the condenser (1, where it meets with an 
inrushing stream of cold water, which enters the condenser 
through the rose-pipe H. It is thus condensetl, and the 
mixed air and water fall down through the pipe J, into the 
suction chamber K of the vacuum pump L, which dis¬ 
charges its contents against the atmospheric pressure. 
This vacuum pump is of the displacement type, and in this 
case is seen in the role of a wet ” or “ drowned ” air-pump, 
thus dealing with and voiding the entire contents of the 
condenser. It maintains, moreover, a vacuum of some 
26 or 27 inches of mercury in the body of the evaporator, 
and so enables the work of evaporation to be performed 
at correspondingly low temperatures without harmful 
contact with the external atmos})here. 

In such an apparatus would be found embodied nearly 
all the conditions and requirements which, in the light of 
experience and scientific attainment, provide for the satis¬ 
factory single-effect evaporation of the bulk of the water in 
the cane juice, with minimum injury to the physical pro¬ 
perties of the latter. It js, however, saddled with a serious 
drawback. As already observed, this form of single-effect 
evaporator is wasteful of steam and therefore of fuel. The 
hea.ted vapour which rises from its boiling contents is lost 
for further practical use, being artificially and wastefully 
cooled in the condenser, and subsequently either sent to the 
cooling tower or thrown away by the pump into the factory 
drainage channels. 
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It. was the utilisation of this wasted vapour which 
Rilheux effected, applying the principle embodied in the 
earlier high-pressure multiple evaporators already re¬ 
ferred to. To put this improvement into practical shape, 
an additional and second vessel, M, is placed in advance oi 
the original vessel A (Fig. 129), the thin juice first entering 



the juice space N, and the live st eam the calandria 0 of this 
additional vessel, while a transmission pipe, P, enables the 
juice to pass from M to A a,t a fixed rate of transit. In this 
amplified form, or double effect, the initial steam, operating 
in the calandria 0, boils the thin juice in the space N of 
vessel M, and the vapour from the boiling contents, col¬ 
lecting in the dome, passes down the vapour pipe K, which 
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. 130.—Exterior elevation of a triple-effect evaporator. 
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leads into the calandria D of vessel A, where it is not wasted, 
as before, but employed to evaporate still further t.hc water 
from the already partially concentrated juice which has been 
withdrawn from the additional vessel, and has thus filled the 
juice, space B of vessel A, the condenser and vacuum pump 
in connection with this vessel taking effect as formerly. By 
tliese means 1 lb. of steam can be utilised to evaporate 
1.8 lb. of water. This explanation also serves to describe the 
fundamental principle Aipon which all fuel-saving multiple- 
effect evaporators are based, to wliatever point they are 
extended and in whatever form they are found, whetlier as 
quadruple, quintuple, or sextuple effects. 

Tn the concentration, however, of cane juice, which 
ultimately forms a more or less viscous syrup, and should 
be boiled at the lowest temperature possible, it is rarely 
considered advisable to employ more than three or at most 
four vessels, so as to avoid an initial high boiling-point, the 
lower number of three effects being most frequently in use. 
A triple effect and its working will therefore be now more 
fully described; and as it is custoirary to term the vessel 
which first receives the thin juice and the initial steam the 
“ first ve.ssel,” this order will hemoforward be used. 

Fig. 130 is an exterior view of .such an ajiparatus, while 
Fig. 131 is a section of the same plant. The thin juice 
enters the juice space D of f he firsf. vessel A, through the 
sup])ly pipe 1, which is controlled by the valve 2. Later on 
it passers from the first vessel through the pipe 3, under 
control of the valve 4, into the juice space E of the second 
vessel B, ultimately proceeding, via the pipe 5 and the 
valve (i, int.o file jidce space F of the third vessel C. 

When first beginning to work the effect, the three vessels 
are each filled up to a suitable level with the thin juice, the 
several densities of the latter, in the respective vessels, 
reaching the correct point after the evaporator has been at 
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work a short time—^the vacuum pump P having previously 
been started in order to create a vacuum in the three bodies, 
by means of which the juice is drawn into the apparatus. 
Steam is then turned on into the calandria G! of the first 
body A, via the steam pipe and stop-valve H, and this is 
the only point at which steam enters the effect for the 
purpose of boiling the juice. The section clearly shows 
how the steam gains entrance to the calandria («, and how 


C B A 



it will surround the exteri<.)r surfaces of the numerous tubes 
contained in the body and fixed between the upper and 
lower tube plates, 7 and 8, of the calandria. 

A consequent l)oiling and evaporation of the juice take 
place, and the vapour from it jises through the upper 
portion of vessel A into the dome 9, whence it proceeds via 
the vapour pipe 10 into the calandria H of the second 
body B. This vapour thus causes the juice in the space E 
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of the second body B to boil also at a reduced temperature, 
under the reduced atmospheric pressure which obtains in 
this vessel. In the same way the cooler and more attenu¬ 
ated vapour from the denser juice in B rises into the second 
dome 11, and, passing down the vapour pipe 12, enters the 
calandria ,1 of the third body or vessel C of the effect. Here 
the boiling of the still denser juice in the juice space F of 
this vessel tahes place under an increased vacuum; the 
vapour therefrom, rising into the third dome Id and 
passing down the vapour pi|)c 14, enters the condenser K, 
where, as already explained, it meets and is thoroughly 
intermixed with the inrushing stream of cold water, and is 
condensed on its way to tiic p\imp P. 

it will be noticed that the steam acting at one end of the 
apparatus can itself proceed no i'arthcr than the confines 
of the first calandria U, and that the vacuum pump at the 
other end c&n only act directly via the condenser K and 
the vacuum pipe 14 upon the interior space of the third 
vessel 0. These two working agents of the complete 
apparatus nevertheless act indirectly in opposite directions 
from end to end of its interior by virtue of the transmission 
of heat due to the one agent, and by the range of vacuum 
and gradual reduction of temperature steadily maintained 
by the other. When the triple effect has been brought 
into full action, and has been adjust.cd to the proper point 
of continuous working conditions, the following stages of 
approximate temperatures and vacua will be found to ob¬ 
tain in the various divisions of the complete apparatus: the 
initial temperature, due to the steam-pressure of some 
5 lbs. per square inch in the calandria (1 of the first vessel A, 
will stand at, say, 228° Fahr., while the final temperature 
in the juice space F of the third vessel 0 will stand at, say, 
126° Fahr., in conjunction with a vacuum of some 26 inches 
of mercury. The total range of temperatures throughout' 



CONCENTRATION OF THE JUICE 231 

bhe entire apparatus, which represent its capability for 
effective work, is thus seen to be about 102° Fahr., and this 
difference between these two extremes, subject to certain 
desirable limitations, should be maintained at as high a 
figure as possible. These limitations are unavoidable with 
regard to this point, foi;, on the one hand, excessive initial 
temperatures must be avoided for fear of injury to the 
juice; while, on the other, the capacity of the vac-uum pump 
(an important, factor controlling the amouni. of vacuum 
obtained in t he condenser) must, for economic reasons be 
kept within reasonable bounds. Turning att.ention to the 
ot.ber divisions of the apjjaratus, it will be found that the 
temperature irr the juice s])iwe 1) of t.he first vessel A is 
alrout 208" Fahr., irr conjunction wit h a vacuum of some. 
2.1 ins. mercury; and 'approximately similar conditions 
shordd exist in the calandria It of the second vessel B. In 
the juice .space R of t he second vessel B the, temperature 
will stand at, say, 180° Fahr. and the vacuum at about 
14J, ins., similar conditions obt.aining in the calandria J of 
the third vessel C. The following tabulated statement of 
the above figures will enable them to be more clearly 
understood;— 

First Vessel. Second Vessel. Third Vesse.I. 
Temperature ill culaiulria.. 228“ Falir. 208“ Fahr. 180° Fahr. 

Temjierature uf.vapimr . . 208' Fahr. 180“ Fahr. 126“ Fahr. 

Vacuum ill juice sjiace .. 2J ins. 14) ins. 26 ins. . 

Under the above conditions and methods of working, 
the cane juice is not only more or less protected from the 
damaging influences of prolonged excessive heat, but also 
from exposure to the equally injurious effects of prolonged 
contact with the atmosphere. Mon'over, fuel economy is 
promoted, and one pound weiglif. of steam is rendered 
capable of evaporating'2-75 lbs. of water, as compared with 
the evaporation of, say, 0-89 lb. water per pound of steam 
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in an ordinary vacuum pan, in which the evaporation is by 
single effect. 

Exhaust steixm from the high-pressure engines of the 
factory is tlui heating medium used for a multiple effect. 
Mill and vacuum engines supply a considerable amount 
of this agent, and, even after use for the initial heating of 
the juice, there is visually more than enough available for 
ihe purpose, although the sujiply has sometimes to be 
augmented by high-pressure steam, administered under 
the control of a reducing valve. The jiressure on the first 
or steam calandria, as already indicated, should not be 
more tJian 5 lbs., and is preferably less, corresponding to 
228° Fahr., while the temperature of the condenser is usually 
in the neighbourhood of 126° Fahr. It should, however, be 
noted that the 102° of difference* between these extremes, 
on which the work of t he evaporator depends, is not evenly 
divided between the vessels, a characteristic division in the 
case of a triple effect being — 


BcUveen steam c.alaiulria and seennd cjilaiidria . . . . 20 ' Falir. 

Between seennd calandria and third .. .. .. .“VO- Falir. 

Between third calandria and cniidenser . . . . .. 52" Fahr. 

Alt-ogetlier satisfactory explanations of the cause of this 
apparently anomalous subdivision of temperature are 
wanting; but increased difficulty in the transmission of 
heat with the thicker syrup, and greater tenuity of vapour 
in contact with a unit of heating surface, are among the 
suggested solutions of the problem. The fact, however, 
remains that evaporators constructed with different-sized 
vessels show similar relations of temperature. 

The juice, clarified in the manner already described, is 
drawn or gravitates into the first, vessel of the evaporator, 
and, after a due stay there, passe.s' on to the next vessel, 
avid so on. By judicious sotting of the supply cocks, or by * 
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the use of equilibrium valves, the apparatus, when once 
started, may be made to work automatically, the gauge- 
glasses and peep-holes, with which the vessels are fitted, 
indi(!ating the proper amount of juice contained in them. 
For the best results it is essential that only so much of the 
juice be present in each vessel at a time as shall be sufficient 
just to cover the upper tube plate, when the juice is in a 
state of ebullition. The juice, if undiluted, enters at a 
density of 10° Be., or thereabouts, and requires, as already 
mentioned, to he concentrated to 28° or 30° Be.,before it is 
ready for the {‘.rystallising stage in the vacuum pan. When 
the proper density has been arrived at—and this can be 
ascertained by examination of the contents of the last 
vessel by means of the sampling apparatus—the syrup is 
withdrawn by means of a pump, either independent or 
attached to the main pump engine. Here also, by careful 
regulation, the withdrawal may be made continuous. 

The main points on which the success of a multiple 
evaporaf.or depends are— 

(1) Adequate vacuum pump power. 

(2) Large vapour connections. 

(3) Rapid circulation of the juice over the heating 

surface. 

(4) Complete removal of the condensed water, air, 

and gases. 

As regards (1), there are in practice economic limitations 
to the height of vacuum in the last vessel of the effect. 
Although, speaking generally, a high vacuum is very de¬ 
sirable, it may be that the cost of obtaining, through its 
means, a high evaporating duty from the heating surface, 
may be such as to render an effect with larger vessels and 
comparatively low pump power a more economic apparatus. 
When, however, increased power is required with an 
evaporator already constructed, which has been working 
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with, say, a vacuum of 25 inches in the last vessel, by 
substituting a pump, which will maintain a vacuum of 
27 inches, additional work will be obtained in the way of 
evaporation which would probably justify the alteration. 
This is especially the case with “ bulk ” evaporators, the 
greater difference in temperature thus obtained materially 
assisting the circulation of the juice over the heating 
surface. 

(2) Large Vapour Connections.—In constructing an 
efficient multiple evaporator, one of tlie primary points to 
be kept in view is that-facility of access of the vapour from 
one vessel to the heating surface of tlie next should be 
provided. Any constrictions or baffies, calculated to 
retard the passage of the vapour, at once detract from the 
efficiency of the heating surface, and high duty of the 
latter means proportionately large vapour connections as 
well as pum_p power. The theoretic maximum of effect is 
obtained when the heating surface, is in immediate and 
complete contact with the vapour of the preceding vessel; 
and, in practice, as low a velocity as 50 feet per second for 
the vapour in the connections is aimed at for the first and 
second vessels. Another important factor in the well¬ 
doing of an evaporator lies in the immediate distribution 
of the incoming vapour over as large as possible a pro¬ 
portion of the heating surface. 

As regards (3), rapid circulation of the- juice over the 
heating surface is an important feature in evaporation. 
Up to a certain point—36 feet per second—the more 
frequent the contact of fresh portions of liquor with the 
heating surface, the more rapid is the transmission of heat 
thtough it, and the freer the escape of vapour from its 
constant movement. To provide circulation, it is cus¬ 
tomary in a standard evaporator to place in the centre or 
to one side of the drum a large pipe, 12 inches and upwards' 
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in diameter according to the size of the evaporator. The 
effect of the boiling of the juice in the small tubes leads to 
an upward flow in them which concentrates in a downward 
flow through the large centre or side tube, a circulation 
being thus set up in the direction of the arrows (Fig. 132) 



Fio. 132.—Sectional elovatiim of one of a triple effect, showing the circulation 

of the juice through tho small tubes and large side tube. 

which materially assists evaporation. In some evapora¬ 
tors, called on this account “ film ” evaporators, this circula¬ 
tion is carried out mechanically by special pumps, and 
these are so arranged that a mere film of juice is in contact 
■with the heating surface. Too much stress cannot be laid 
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on the importance of this detail of working of an evaporator, 
and it may here be remarked that in an ordinary “ bulk,” 
as distinct from a “ film,” evaporator the work entailed in 
creating the circulation may be regarded as being borne by 
and forming an important duty of the vacuum pump. In 
this way, a film evaporator may be looked upon as re¬ 
quiring less pump power than a “ bulk ” apparatus. 

(4) Prompt removal of the condensed water is another 
essential to good work. In fact, the sooner the condensed 
water is removed from contaf4. with the heating surface the 
better. It is generally brought about by the use of a 
separate pump or pumps; but when there is an excess of 
main pump power the calandrias are sometimes connected 
with the main pump, equilibrium valves being interposed 
to prevent the high vacuum of the latter drawing vapour 
from the calandrias as well as water. In cane-sugar works 
the vapour^ coming from the vessels contains a certain 
amount of air, which, unless removed, forms a cushion in 
the upper part of the calandrias which prevents contact 
between vapour and heating surface to the extent of the 
space occupied by the air. In the manufacture of Deme- 
rara sugar, also, volatile organic acids are liberated, and in 
the case of double carbonatation, ammonia, which if allowed 
to remain in the calandria bring about corrosive action. 
It is necessary, therefore, to remove all of them, and this is 
usually done by means of small pipes connecting the top 
of the calandrias with the condenser. 

These small pipes are, however, usually insufficient in 
actual practice, and it is generally desirable, and a great 
convenience, to have several pipes, and of larger diameter, 
leading from the upper tube-plate of each calandria into 
the vapour space of each succeeding vessel, such pipes being 
under the control of an external Valve for the purpose of 
varying adjustments. Finally the last group of pipes in tho 
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last vessel discharge, through a control valve, into the 
condenser. Some experts prefer that the whole of the 
incondensable gases should be promptly removed from 
each calandria direct to the condenser. This preference 
involves the risk of probable waste of useful vapour, more 
especially in cases in which a liberal use of these pipes is 
found to be advantageous, as is sometimes the case. 

Tn dealing with these four principal points, which are 
essential to the successful working of a multiple-effect 
evaporator, attention has so far been chiefly directed to 
matters which are especially connected with the design 
and construction of the apparatus, points which, once 
decided upon and carried into execution, permanently fix 
and characterise the conditions under which the evaporator 
will have to work. TherS still, however, remains another 
point of a practical nature which has to be very carefully 
attended to after the effect has been installed, and set to 
work. This detail has reference to the great importance of 
keeping the entire heating surface in as thorough a condi¬ 
tion of cleanliness as possible. There is invariably more or 
less scale deposited from cane juice during evaporation, and 
any neglect necessarily reduces the amount of work which 
might otherwise be performed by any given apparatus of 
a given size, and prevents the maximum transmission of 
heat throughout the respective calandrias. The importance 
of this matter directs attention to the desirability of ar¬ 
ranging and constructing all details of the heating surfaces 
in such a manner as will ensure accessibility, and thus 
enable them to be readily cleansed when necessary. 

In the remarks introductory to clarification, emphasis 
has been laid on the fact that efficient clarification has a 
most important bearing upon this point of maintaining a 
clean heating surface; fof the better the clarification the less 
likelihood there is of an excessive deposit of scale in the 
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multiple effect. It is quite a reasonable assertion to say 
that, with satisfactory clarifigation, the effect should only 
require cleaning once a week, and that the amount of scale 
then to be removed will be of small quantity. 

As already mentioned, the evaporation performed in a 
multiple effect is not only that due to the steam added in 
the first vessel, but also to the heat represented by the 
difference in the temperature between the ingoing hot 
juice and the resultant cooler syrup. The amount of 
evaporation done by the several vessels would therefore 
apparently increase as the series progresses, and on this 
account, and for other reasons too technical for this work, 
the heating surface should theoretically be proportioned to 
meet this condition. In fact, some years ago triple effects 
were occasionally made with vesS'els sized in this manner, 
generally in the proportion 4:5:6, as regards heating 
surface.. Tljese, for their 15 units of heating surface, did as 
much evaporation as an equal-sized vessel evaporator with 
18 units. This advantage has not, however, been considered 
as balancing the extra cost of construction involved, and 
modern evaporators are generally made with equal-sized 
vessels. 

An important advantage may, however, be taken of 
this uniform size of all the vessels, and the consequent 
theoretically excessive size of the first vessel, to heat the 
juice coming from the mills on its way to the clarifiers 
by withdrawing into a special heater the excess vapour 
available for extra use in the juice space of this first vessel. 

By such use some preliminary heating of the cold juice is 
effected by double effect, and by this method, if not carried 
out' to excess by robbing the first vessel of vapour that 
should properly be carried forward to the succeeding vessel 
of the effect, excellent results can be obtained coupled with 
fuel economy. Furthermore, better working conditions ' 
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and increased work are maintained in this vessel. Similar 
heaters may likewise, and for similar reasons, be attached 
to each and every vessel of the effect. 

To carry out this system of juice-heating to its fullest 
extent at the multiple, effect, the cane juice from the mills 
should first be brought direct from the strainers, or. from 
the sulphuring apparatus to a specially designed heater 
placed between the last vessel of the effect and the con¬ 
denser, such heater being of capacious size and of an open 
t}^e, to be acted upon by the waste hot vapour on its way 
to otherwise wasteful condensation. If practicable, these 
effect vapours should be augmented by the addition of the 
waste vapours from the vacuum pans, which is more 
especially feasible in the case of central condenser installa¬ 
tions. Here the juice wSl receive, more or less according 
to circumstances, an approximate increase in temperature 
of some 25° Fahr. to 35° Fahr., an increase of considerable 
importance to the low temperatures existing at this stage. 
It should then pass on to the above-mentioned heaters 
attached to the vapour spaces of the successive vessels of 
the effect, where it will receive a further increase in 
temperature of some 50° to 60° Fahr. Subsequently, at 
an accmnulated temperature of from 160° to 180° Fahr., 
it will leave the effect heaters and be conveyed to a 
finishing heater placed near the clarifiers and heated by 
exhaust steam from the factory engines, where it will be 
finally raised to whatever temperature may be most 
suitable for the parf icular system of defecation employed. 
By these means the heating of the colder cane juice is 
effected in an economical manner, with highly beneficial 
results so far as steam consumption and fuel economy are 
concerned. 

But although the vfessels themselves are usually con¬ 
structed of the same size, it is not so with the vapour con- 
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ncct.iona between the several vessels. As the temperature 
at which the juice boils is lowered by vacuum, the vapour 
from a given weight of evaporation increases in volume. 
Thus, ] lb. of water vapour, at the atmospheric boiling- 
point, 212° Fahr., occupying 26 cubic feet, would give 
53 cubic feet when the boiling-point was 177° Fahr., and 
172 cubic feet at 126° Fahr. As the amount of evaporation 
in the several vessels is the same, or, if anything, increases 
as the series progresses, it follows that, to avoid constriction 
and consequent slowing down of the vapour flow, the areas 
of the vapour connections have to be. proportionate to the 
increase in volume of the vapour to minimise such con¬ 
striction and consequent retardation of contact between 
the vapour from one vessel and the heating surface of the 
next. Formerly, when the need V)f larger vapour connec¬ 
tions was not sufficiently recognised, it was customary, for 
the sake of convenience, to construct them of equal sizes, 
but vapour connections are now usually sized to meet llie 
foregoing conditions. 

The work done by a standard triple, in proportion to its 
heating surface, depends upon tlie satisfactory fulfilment 
of the above requirements. With these fulfilled, at least 
6 lbs. of water may be taken as the evaporation per hour 
for every square foot of heating surface. Up to twenty 
years ago, a duty of 3-5 lbs. of water evaporated was usually 
taken as a basis of construction in a standard triple; but a 
fidl recognition of the above indicated requirements has 
resulted in the better work represented by the former figure 
being obtained. It must, however, be borne in mind that 
the efficiency of an evapoqitor is influenced to a considerable 
extent by the quality of the juice being dealt with, the 
liberation of vapour from a juice containing a notable pro¬ 
portion of gums being much slower than from a pure juice. 
Note, again, the great importance of perfect clarification. 



CONCENTRATION OF THE JUICE 241 

When erecting an evaporator of a more or less limited 
number of effects, room is sometimes left for additional 
vessels. Future extensions and improvements might call 
for th(! conversion of a double into a triple or even a 
quadruple effect, and the above provision would permit 
of this extension. Such alteration would have for its chief 

t 

object the saving of fuel used in the work of concentration 
of the juice. Any increase or decrease in the amount of 
juice concentrated in a given time by the extended appara¬ 
tus is an altogether separate question, and the result would 
largely depend upon the conditions under which the latter 
was worked subsequently to the alterations. The cir¬ 
cumstance that the original vacuum pump would now 
pioportionably be of increased power would offer a 
proportional facility for the attainment of a corresponding 
increase in the output of the apparatus when desired. On 
the other hand, the lessened differences of temperature 
between the sevcal vessels would lower the efficiency of the 
heating surfaces. It may be said, however, that the con¬ 
version of a triple effect into, say a quadruple, would result 
in a reduction of fuel, and a slight increase in the amount 
of work done. 

Fig. 132a gives an interesting section of a special 
form of quadruple effect of modern design, which is 
intended to provide for the definite and single passage 
of the juice once through the calandria tubes of each 
vessel in succession. 

The standard evaporator, already shown, is represented 
with a condenser, the water from which is drawn away by 
the vacuum pump. In some instances, especially with 
evaporators of large siae, the principle of a Torricellian 
vacuum is utilised (Fig. 133). In this, the vacuum is 
obtained by placing the’eondenser at a height above 34 feet 
.from the ground water-level, the height of a column of 
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water equivalent in weight to the atmospheric pressure. 
In this case the water does not require to be drawn away 
by a pump, but it is necessary to attach a dry vacuum pump 
to the upper part of the condenser, so that air and un¬ 
condensed gases from the juice may be drawn off, and the 



Fic 5. 133.—View of a triple effect worked in conjunction with a Torricellian 
c.uiulensor. 


vacuum thus maintained. Both systems of condensation, 
as well as the pumps employed, are described in the chapter 
devoted to “ Crystallisation.” 

A common fault with triples as formerly constructed 
•and worked was that of “ entrainment,” or the carrying 
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over of juice automatically into the calandrias and con¬ 
denser. This was due in great measure to the practice of 
working standard evaporators with too large a quantity of 
juice in them. It was commonly supposed that the juice 
level when at rest should be half-way up the lower spy¬ 
glass. This being so, the danger of juice being carried up 
into the vapour connections by spurting during ebullition, 
especially in the more viscid syrup of the last vessel, had 
to be guarded against by the introduction of baffles and 
various entrainment preventers in the head boxes of the 
several vessels. As evaporators arc now usually worked, 
with comparatively small quantities of juice in them, the 
juice not showing a level higher, say, than half-way or 
even less up the calandria, the juice during ebullition only 
just covering the upper tube-plafe, the danger of entrain¬ 
ment is considerably reduced provided the attendant can 
be relied upon at all times to maintain low and correct 
juice levels. In fact, it may be taken that if the essentials 
of construction are followed as already indicated, and if 
the evaporators are properly and carefully worked, the 
loss by entrainment is reduced to a very low figure. It 
must be remembered that most anti-entrainment systems 
have proved themselves to be consistently prejudicial, to a 
greater or less extent, to perfectly satisfactory conditions 
as regards vapour travel. Neither have they, in spite of 
most up-to-date precautions, been entirely successful in the 
complete stoppage of entrainment. 

The most satisfactory way of dealing with this question 
of entrainment, both with regard to vacuum pans as well 
as multiple effects, is to abolish all corrective arrangements 
of pbstructionary type, and grapple with the evil more 
immediately after the point of generation and more closely 
in harmony with the natural requirements of this trouble¬ 
some situation. Speaking generally with refetenc,e to this 
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question of entrainment, in any evaporator, whether for 
water or cane juice, it is more efficacious to cope with the 
difficulty in the simpler and better way of the employment 
of vessels of increased height above the upper surfaces of 
the heating arrangements. 

Theoretically, in thq particular case of multiple effects, 
if the height of the bottom level of the vapour outlet at the 
top of each vessel be fully 10 feet above the level of the 
upper surface of the calandria, upper tube-plate (correct 
juice levels being steadily maintained) entrainment will 
not occur, and it is best to fix this height at not less than 
12 feet, a height even of 14 feet being preferable. The 
calandrias and juice spaces of the respective vessels of the 
multiple effect remain unaltered in any respect, but the 
upper portions or vapohr spaces of the vessels are thus 
considerably increased in height above the level of the 
calandria upper tubc-plaf.es. This is a simple and com- 
paraf ively inexpensive extension which will promote all¬ 
round efficiency and satisfactory results, both as regards 
entrainment and increased output of the apparatus. This 
method of minimising any danger of entrainment does 
away with the employment of doubtfully efficient and 
complicated obstructions, and absolutely abolishes 
mechanical entrainment, though some experts are inclined 
to ass’ert the continued presence of a very trifling and 
negligible amount of vesicular entrainment that may 
still occasionally occur. 

It is frequently forgotten that the loss of sugar is not 
the sole consideration involved in this matter of entrain¬ 
ment. It also seriously affects the cleanliness and 
efficiency of the vapour side of the heating surfaces. The 
juice under treatment more or less fouls the inner surfaces 
of the heating tubes, whilst any sugar or other substances 
that mj’.y improperly be carried over by the vapour current 
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will foul the outer and more inaccessible surface of these 
same tubes. It is therefore important that l.he vapour 
froJii the juice spaces of the preceding vessels of any elTect 
should reach Ihe heating surfaces of tlie succeeding eiTects 
in as pure a condition as can be ensured by reasonable, and 
efl'ective. arrangements. Similarly, it is desirable to 
separate any oil that may a,ceom])any t he exhaust sieam 
from the engines on its way to the multiple effect, and 
prevent its entry into the first, calandria, and its subsequent 
deposition u])on the outer inaccessible surfaces of the 
heating tubes. Of such consequence are t hese considera¬ 
tions that it is the practice on some estates, with tlie 
assistance of suitable a})parat,us, to withdi'aw and remove 
all the heating tubes from the effects during the recess 
bet,ween consecutive crops, and replace them after having 
thoroughly cleansed their outer as well as inner surfaces. 

The quantity of sugar lost by entrainment is ex¬ 
ceedingly difficult to estimate. With a good working 
evaporator the calandria, water shows no apparent sign 
of juice contamination, a considerable quantity having to 
be concentrated before a trace is discovered. With an 
enormous bulk of the water flowing from the cauidenscr, 
chemical detection is practically inqrossible. When, how¬ 
ever, the water for condensation is constantly used again, 
the blackening of it denotes impregnation with sugar, 
although a great deal of this may be due to other matters 
boiled out of the juice rather than to sugar itself. It is 
extremely doubtful, however, whether the loss by entrain¬ 
ment in good evaporators, carefully worked, amounts to 
more than, if so much as, 0-25 per cent, of the sugar in the 
juice. 

In a well-ordered cane-sugar factory, an important 
function of the evaporator is that" of acting as a surface 
condenser to the engines. If the evaporator is powerful 
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enough to do the work of a factory with a nominal pressure 
of steam in the first vessel—1 to 2 lbs. on the square inch— 
the efficiency of the engines will be greatly increased; and 
it frequently happens that a worrying fuel account dis 
appears when an evaporator is ^stalled sufficiently 
powerful to give this condition, even although its prede¬ 
cessor had been able to do the required concentration at a 
steam pressure of, say, 6 to 8 lbs. This again emphasises 
the importance of an evaporator being constructed to work 
freely throughout, free from constricdion in vapour con¬ 
nections and baffles. 

In the general description and explanation which has so 
far been given of the design and mani})ulation of a multiple 
e Ifect, reference has been confined to bulk evaporators fitted 
wif.h heating surfaces in* f.he form of submerged vertical 
tubes contained in vertical vessels. In such apparatus the 
tubes are permanently fixed in the tube plates, are of a 
comparativedy large diameter, and rarely exceed a lengt.h 
of some 5 feet. As already mentioned, the boiling cane 
juice is contained and circulates within the tubes and juice 
space of each vessel, while the heating agent, in the form 
of vapour, acts upon the exterior .surfaces of the former. 
Nowadays there is a tendency, within reasonable limits, 
to keep these heating tubes as large in diameter and as short 
as possible, with a view to avoid any throttling of juice 
circulation, as well as to facilitate the operation of cleansing 
the interior surfaces from accumulations of hard scale, which 
are very liable to form on them, and affect their efficiency 
as effective transmitters of heat. It is therefore desirable, 
before attempting any description of the various forms 
which such apparatus have assumed, to point out that, 
when preferred, bulk evaporators can be used which are 
compQsed of'horizontal vessels furnished with submerged 
horizontal steam tubes. Figs. 134, 135, and 136 give 
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will foul the outer and more inaccessible surface of these 
same tubes. It is therefore important that l.he vapour 
froJii the juice spaces of the preceding vessels of any elTect 
should reach Ihe heating surfaces of tlie succeeding eiTects 
in as pure a condition as can be ensured by reasonable, and 
efl'ective. arrangements. Similarly, it is desirable to 
separate any oil that may a,ceom])any t he exhaust sieam 
from the engines on its way to the multiple effect, and 
prevent its entry into the first, calandria, and its subsequent 
deposition u])on the outer inaccessible surfaces of the 
heating tubes. Of such consequence are t hese considera¬ 
tions that it is the practice on some estates, with tlie 
assistance of suitable a})parat,us, to withdi'aw and remove 
all the heating tubes from the effects during the recess 
bet,ween consecutive crops, and replace them after having 
thoroughly cleansed their outer as well as inner surfaces. 

The quantity of sugar lost by entrainment is ex¬ 
ceedingly difficult to estimate. With a good working 
evaporator the calandria, water shows no apparent sign 
of juice contamination, a considerable quantity having to 
be concentrated before a trace is discovered. With an 
enormous bulk of the water flowing from the cauidenscr, 
chemical detection is practically inqrossible. When, how¬ 
ever, the water for condensation is constantly used again, 
the blackening of it denotes impregnation with sugar, 
although a great deal of this may be due to other matters 
boiled out of the juice rather than to sugar itself. It is 
extremely doubtful, however, whether the loss by entrain¬ 
ment in good evaporators, carefully worked, amounts to 
more than, if so much as, 0-25 per cent, of the sugar in the 
juice. 

In a well-ordered cane-sugar factory, an important 
function of the evaporator is that" of acting as a surface 
condenser to the engines. If the evaporator is powerful 
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steam circulates through them in place of juice, it is per¬ 
missible to make them fully double or treble the length of 
the vertical tubes. They are, moreover, usually of a much 
smaller diameter, and are generally arranged in vertical 
batches or nests of vaiying widths of some six to nine tubes 
per width of nest. Tha steam usually makes some three 
passages backwards and forwards through the horizontal 
mass of t ubes, passing first tlirough the ccmtre of the mass, 
the cooler and wetter steam leaving the calandrias via the 
last, batches of tubes locat ed nearest the sides of the vessels. 
\ definite juice circulation is thus promoted, which takes 



Fit; 135.—rian of one vossel of a horizontal elTeet. 


effect in an upward direction in the central and hotter 
regions of the vessels, while a continuous downward current 
obtains towards the sides. "When the tube surfaces become 
coated, as they will do, with deposits of varying description, 
they can be entirely removed from their working positions, 
thoroughly cleaned both inside and out, and restored to 
their places in such a condition as will secure maximum 
efficiency. It will be seen from these illustrations that the 
general proportions and shapes of the vessels comprising 
the horizontal effect are totally different from those of a 
vertical effect, and offer certain conveniences and advan¬ 
tages which are available for use wherever they may be 
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preferred. Referring in general terms to the methods of 
construction and employment of these respective types of ‘ . 


Fig. 13<).—General arrangement of a liorizontal effect 
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ivaporators, it inay be said that all the points emphasised 
ibovc, with reference fn the vert ical apparatus, apply with 
‘qiial force to the horizontal. 

In proceeding to describe the various forms of vertical 
ind horizontal evaporators, which from time to time have 
been offered for the use (J' sugar manufacturers with a view 
.0 promote increases! etliciency in this section of the pro- 
ess, it should be remarked that they may ajeproximately 
l)e divided into two classes--" bulk ” and “ film ” evap- 
Lirators, and will be dealt with under these two divisions. 



Kkj lin - Klovalioii oi iIk- three vessels of a \ertieal 1n]>le etTeet iilted with 
siis|M‘nde(l ealaiulnas 


One of tlie first modifications to be noticed is shown 
in h’igs. J37 and 138, and has reference more especially to 
the particular form of calandria employed. The first of 
t hese illustrations demonstrates the manner in whieli the, 
heating surface is arranged, and the characteristic means 
employed in introducing the steam and vapour into the 
respective calandrias. These heal ing agents, in this case, 
enter the dome of each vessel, and pass downwards to each 
calandria through a vertical internal pipe to the centre of the 
calandria drum, the centre inner tube being arranged to dis-' 
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tribute the steam or vapour equally and radially through¬ 
out the entire drum. An upward circulation of the juice is 
thus promoted through the vertical tubes, and a corre¬ 
sponding downward movement result s in the annular juice 
spa(^e existing between each (^alandria and the inner surface 
of the vessel in which it is placed, the maintenance of this 
current being further facilitated by the special shape of the 
lower covers t)f each vessel. These covers arc also furnished 
with a raised flange upon which the drum is fixed and sup- 



Kiel 138.—External longitudinal clovation <»f a triple elfeet fitted wilii yuKjwnded 
ealandriaK. 


ported, and the latter, when required, can be lowered to 
the ground for the purpose of examination and for repairs. 
It is claimed for this special form of calandria that the 
increased difference between the temperature of the r ising 
juice in the tubes and the cooler descending liquor in the 
anftular space, combined with the special shape of the 
cast-iron bottom attached to each vessel, promotes a much 
higher rate of circulation than is obtained with the original 
form of calandria, thus increasing the efficiency of the heat-* 
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ing surface. Tf Figs. 130 and 138 are compared with each 
other, it will be perceived that the adoption of the above 
system of internal steam and vapour pipes effects a con¬ 
siderable difference in the external general appearance of the 
respective apparatus. The three vessels of the later type 
are closer together than,formerly owing to the absence of 
two of the large down-take vapour pipes, which are replaced 
by large-sized horizontal connections fixed between the 
domes of the three vessels. In other respects this modified 
apparatus is very similar to an ordinary standard triple 
effect, as already described, and there is no difference in 
the methods employed in its manipulation, or in the general 
laws which govern its efficiency. 

Another form of triple effect which should next be 
noticed is shown in Figs'. 139, 140, and 141. While the 
form of construction of the apparatus last described had 
reference more particularly to the special disposal of the 
heating surface, and llie particular route by which the 
steam or vapour is led to each calandria, the type of 
evaporator now to be dealt with is more especially designed 
with a view to ensure the freest possible passage of the 
heating medium into the respective calandrias through 
which it has to act upon the fluid in contact with them. 
Similar care is devoted to the means devised for the prompt 
removal of the condensed vapour which would otherwise 
collect in the form of water in the lower portions of the 
latter, important requirements upon which stress has been 
laid in an earlier portion of this work. The reference letters 
in the three illustrations suffice to define the relative 
positions of the component portions of the apparatus in 
plan and elevation respectively, and it may be mentioned 
that during the period previous to the evolution of this 
particular design of evaporator, it was a common practice 
to pay insufficient attention to the defects which it is in- 
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tribute the steam or vapour equally and radially through¬ 
out the entire drum. An upward circulation of the juice is 
thus promoted through the vertical tubes, and a corre¬ 
sponding downward movement result s in the annular juice 
spa(^e existing between each (^alandria and the inner surface 
of the vessel in which it is placed, the maintenance of this 
current being further facilitated by the special shape of the 
lower covers t)f each vessel. These covers arc also furnished 
with a raised flange upon which the drum is fixed and sup- 
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ported, and the latter, when required, can be lowered to 
the ground for the purpose of examination and for repairs. 
It is claimed for this special form of calandria that the 
increased difference between the temperature of the r ising 
juice in the tubes and the cooler descending liquor in the 
anftular space, combined with the special shape of the 
cast-iron bottom attached to each vessel, promotes a much 
higher rate of circulation than is obtained with the original 
form of calandria, thus increasing the efficiency of the heat-* 
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first vessel, at two points. A similar and equally ample 
provision is made for the passage of the vapour from the 
juice in the second vessel as it proceeds on its way to the 
third calandria, while the resultant vapour leaves the third 
vessel through a short passage of large, diameter into the 
large condenser, in which it is condensed on its way to the 



Kid 14(1 -Sdi'tional jilaii of ajijiaiatus «h<iwii iu Fig. 139. 


vacuum pump. The illustrations explain the details. It 
will also be seen that facilities are provided for working 
this evaporator either as a. single, double, or triple effect, 
a convenience which is regarded usually as a luxury rather 
than a necessity, and is a doubtful advantage in view of 
complications, though ifmay be made use of to facilitate the 
•boiling-off of the liquor when the work of the factory is 
















256 THE MANUFACTURE OF CANE SUGAR 

finished. However, the completeness of the above arrange¬ 
ments is very marked; and so much having been provided 
in the first instance to ensure the efficiency of the heating 
surface, it remains, in the second instance, to guard against 



Fin. 141.—End elevation of apparatus whown in Fig. 139. 


the accumulation of condensed steam and vapour in the 
respective calandrias, which would otherwise nullify the 
ultimate efficacy of the above provisions. Each calandria 
is in itself a condenser, and the condensed vapour vffiich is 
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forced or withdrawn from each division of tfie total heating 
surface is a fairly correct measurement of the work done 
by the respective sections of such surface. As the calandria 
of the initial vessel is worked under pressure, it is sufficient 
to furnish if with an ethcient form of steam trap of ample 
size, which, when it> is properly arranged, will serve 
tbornughly to drain it of all condensed steam without per¬ 
mitting the escape of uncondensed vapour. This resultant 
hot w^ater is caught in a tank and used towards the make-up 
of feed-welter for the factory boilers. In the case of the 
second and third calandrias, varying degrees of vacuum 
comjilieate matters; and as the accumulating water can¬ 
not escape w'ithout assistance, it is necessary to connect a 
separate pump to each of these sections, wdiich in their turn 
ensure efficiency. Water' receivers, K, are attached by 
suitable connections, J and to the respective calandrias, 
to collect the water flowing from the latter; ai^d these re¬ 
ceivers are usually fitted with mechanical devices which 
prevent the withdrawal of uncondensed vujrour along with' 
the water. Two small calandria pumps, L, of calculated 
sizes, are woi'ked by the main vacuum-pumping engine, as 
seen in tlie illustrations, and finally withdraw' all the 
available contents of the receivers. A passing refei’enee 
has already been made earlier in this chapt er to the function 
of these accessories, and this opportunity is taken of giving 
a more detailed account of their surroundings and to ex¬ 
plain them and their duties more fully. 

The hot water w'ithdrawn by the two last-mentioned 
pumps should not be used as a make-up feed for the steam 
boilers. It is neces.sarily more or less contaminated with 
organic vapours which are liable to destroy the tubes and 
plates of the boilers. They need not, however, be wasted, 
])ut, may be employed for the purposes of the saturation of 
Hin inanocu nn ifa frrmi cane mill to ca.ne mill, and 
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by this means tJie available heat units are not altogether 
lost, but arc usefully employed in imbibition and macera¬ 
tion, and ensure hotter and better megass fuel at the boilers. 
Chemical experts must be left to decide the respective 
merits of the use of hot or cold water for this purpose, but 
so far as the engineer is concerned, it is an important 
advantage to use this acidified water as indicated above, 
such use very considerably improving the physical charac¬ 
teristics of the megass to be used at the boiler furnaces. 

From the foregoing description, it will be seen that the 
necessary care and attention have been devoted to such 
provisions as will enable one of the operative agents of a 
multiple-effect evaporator efficiently to do its duty, and, so 
to speak, get at its work in the very first instance. It, how¬ 
ever, explains but one of the three main conditions which 
must be carefully promoted and obtained if modern 
evaporator,s are to yield maximum results. The heating 
agent may now, in the above case, be said to be in a satis¬ 
factory position to perform its initial duties; but it requires 
the co-operative assistance of the two other conditions if its 
powers are to be employed to the fullest extent, viz. a 
perfect circulation of the juice—the subject to be operated 
upon—and the satisfactory maintenance of a sufficient 
vacuum. Turning further attention to the circulation of 
the juice within the respective vessels, it will be noted that 
Fig. 137 gave details of one method which has been devised 
to promote a complete diffusion or rapid and continuous 
passing of the body to be acted upon over the heating 
surface; and Figs. 142 and 143 give particulars of further 
contrivances arranged for this purpose. They also show 
that proper attention has been paid to the free passage of 
the vapour from vessel to vessel, and to its complete and 
ready arrival amongst the mass of tubes upon the exterior 
surfaces of which it has to act. 
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Fig. 142 shows a section of the first of the’ three vessels 
jf a triple effect. The initial steam enters the supply pipe 
it 2, and divides into two streams, a and a', finally entering 
lie calandria through the splayed rectangular openings a", 
ivhich serve to distribute the stream promptly over as 
wide a portion of the exterior surfaces of the tubes as 



l^iu. 142.—Sectional elevation of one vcswl of a vertical triple* effect fitted witli 
gogmental c^landrias, 

possible, the drier steam taking the upper course, the wetter 
the lower, this division of the main current beneficially 
affecting the juice circulation. Fig. 143 gives further 
details of the shape of these splayed inlets, and, moreover, 
indicates that certain of the heating tubes of the calandria 
are purposely omitted from their customary positions in 
order to give the incoming steam freer access to the in- 
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by this means tJie available heat units are not altogether 
lost, but arc usefully employed in imbibition and macera¬ 
tion, and ensure hotter and better megass fuel at the boilers. 
Chemical experts must be left to decide the respective 
merits of the use of hot or cold water for this purpose, but 
so far as the engineer is concerned, it is an important 
advantage to use this acidified water as indicated above, 
such use very considerably improving the physical charac¬ 
teristics of the megass to be used at the boiler furnaces. 

From the foregoing description, it will be seen that the 
necessary care and attention have been devoted to such 
provisions as will enable one of the operative agents of a 
multiple-effect evaporator efficiently to do its duty, and, so 
to speak, get at its work in the very first instance. It, how¬ 
ever, explains but one of the three main conditions which 
must be carefully promoted and obtained if modern 
evaporator,s are to yield maximum results. The heating 
agent may now, in the above case, be said to be in a satis¬ 
factory position to perform its initial duties; but it requires 
the co-operative assistance of the two other conditions if its 
powers are to be employed to the fullest extent, viz. a 
perfect circulation of the juice—the subject to be operated 
upon—and the satisfactory maintenance of a sufficient 
vacuum. Turning further attention to the circulation of 
the juice within the respective vessels, it will be noted that 
Fig. 137 gave details of one method which has been devised 
to promote a complete diffusion or rapid and continuous 
passing of the body to be acted upon over the heating 
surface; and Figs. 142 and 143 give particulars of further 
contrivances arranged for this purpose. They also show 
that proper attention has been paid to the free passage of 
the vapour from vessel to vessel, and to its complete and 
ready arrival amongst the mass of tubes upon the exterior 
surfaces of which it has to act. 
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either by means of attached castings or by suitable modi¬ 
fications or enlargements of particular portions of the 
vessel itself. The second and third bodies of this effect are 
virtually repetitions of th(' first v<^ssel, due attention being 
])ai(l to the conveyance and application of the more atten¬ 
uated vapour which haji to be accommodated. In this 
particular a,p])a.ratus, single and extra large, vapour down- 
takes, t.alce the plac(' of the double down-takes seen in 
Fig. 140, and there is no reason why this less complicated 
ilisposal of the vajxnir ])assages, coupled with ample 
splaying and spaciousness of the entrances to and the exits 
from these passages, should not conduce to maximum 
eHici('ncy. The external appearance of this apparatus 
when at work is not altogether unlike that already showm 
in Fig. 130, which may be taken iis giving a general but 
rough idea of its a})pea.rance. 

In the case of each of the types of (‘vaporators above 
described, the passage of the treated juice fnjm vessel to 
vessel is controlled by means t)f valves which are located 
between the ve.ssels; and by a careful regulation of such 
valves -as has already been pointed out—practically 
automatic movement, of tlu' juice throughout the entire 
apparatus can be arrived at. The condensed steam and 
vapour has, moreover, been promptly removed from each 
calandria through the agency of traps and pumps, such 
immediate withdrawal depriving the apparatus of the 
benefit of a certain amount of heat which, under different 
conditions, tnight have usefully been employed within these 
confines. 

Figs. 145 and 146 show the principles which have guided 
the design of another form of these evaporators. This, 
with due appreciation of the desirability of a free removal 
of the water produced by condensation in the calandrias, 
■and without, at all impairing the necessary working con- 
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ditions whicli should obtain within them, also seeks to 
utilise such available heat as would otherwise be lost to the 
maximum efficiency when such condensations are at.ohce 
removed from the apparatus. A free and uninterrupted 
circulation of the juice which is being treated through¬ 
out the various vessels, as well ,as from vessel to vessel, 



Fi(i ]4.) -Sectional dia^irani of tlm tliii’c vessel-^ of a vertical tri]>)c effect iittod 
witli bv|dionio oHinecMoiis for the jiaswaj^c of juice and condensed st-caiii fn>in 
vessel to vessel. 


is provided without, the intervention and regulation of 
numerous valves. Fig. 146 shows such a triple effect as it 
stands ready for work in the factory; and Fig. 145 is a 
diagram explaining the j)rinciples of its mode of working 
and construction. 

Taking first into consideration the utilisation of the heat 
agent, it will be perceived that the initial steam enters th^ 
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calandria of the first body of the apparatus through the 
inlet d^, where it is condensed. The water due to this 
condensation is not at once removed from the appara¬ 
tus, although it promptly leaves this particular calandria 
without hanging about within it, and thus hampering the 



Fig 140.—E.’ctHrior olevatiou of a triple effect fitted with the syphonic connections 
seen in Fig. 145. 

full action of the steam. It has a quite free exit by the 
down-pipe e*, which forms one of the legs of an inverted 
syphon, flaving fallen down the latter to a depth of some 
25 feet, it rises again tTirough the second leg iS and enters 
the second calandria at a convenient height above the lower 







264' THE MANUFACTURE OF C\NE SUGAR 

tube plate, the water thus discharged into the second drum 
parting with its excess heat, and thus supplementing the 
.work done by the vapour wliich is also being introduced 
into this same calandria from t he juice -.pace n* of t he first 
, body via the connection il^. By tlies(‘ means the con¬ 
densation water lias a free and regular exit from calandria 
to calandria, and is thus utihsetl for further useful effect 
instead of being withdrawn from the apparatus. It is 
claimed besides that this utilisation is effected, through the 
intervention of the sy])hon, without impairing the projrer 
conditions which should obtain in the second calandria c*. 
iSiniilarly the condensed vapour, together with the intro¬ 
duced and cooled water, is freely passed from the second 
calandria, via the second syphon to the third calandria 
c®, where it joins the cooler vapour which also enters from 
the second vessel Having yielded up their available 
heat, and performed the duty of that share of the evajKira- 
tion which is effected in this last vessel of the effect, they 
are conjointly and finally removed from the apparatus, as 
warm water, via the pipe c®, either through the agency of a 
suitable calandria pump, or by being led through a }>ipe to 
the main condenser of the effect . It is obvious that this 
procedure increases the heat efficiency of the evaporator as 
an integral machine, and is productive of a corresponding 
increase in the amount of work done by the initial supply of 
steam. 

Taking next t he passing of the juice from vessel to vessel, 
it is seen that this is effected by similar syphons, 1} and P, 
which, through their intervention and by virtue of the 
natural laws which regulate their action, dispense with the 
majority of the customary regulating valves, while one 
juice admission valve controls the passage of the licpiids 
throughout the entire apparatus. Various conveniences, 
not shown in the illustration, arc offered for the purpose of ■ 
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promoting as good a circulation of the juice as possible, 
while the latter remains in each vessel, and it should be 
noted that the outgoing juice is collected for withdrawal 
in the syphon head cups which are located immediately 
above i he upper surfaces of the respective calandrias. . 

Fig. 147 gives particuhirs of yet anotlicr bulk evaporator, 
of which the sj)ecial features are the characteristic methods 
employed to effect a vcuy thorough distribution of the 
steam and vapour amongst' the whole of the tid)e surfaces 
of each calandria. S]»ecial atteutiou is, moreover, ■|)aid t o 



Km. 147.—Soctiomil olcvatit'ii of aimtlier form of triple effect. 


the automatic regulation of the flow of liquor between 
consecutive vessels, which is controlled by specially de¬ 
signed traps. Tt will also be seen that proper care has been 
devoted to the respective sizes of the vapour pipes con¬ 
necting the three vessels of the complete effect. The 
effective distribution of the steam or vapour amongst the 
rubes is promoted by horizontal and vertical baffle-plates 
fixed within the calandrias. The horizontal baffles are 
intended to ensure the 'action of the hottest steam upon 
•the upper portion of the t ube surfaces, the tube holes in the 




































266 THE MANUFACTURE OF CANE SUGAR 

baffles being larger than the tubes which stand in them, so 
that the annular spaces thus formed serve as steam dis¬ 
tributors, leading to the lower sections of the calandria. It 
will be noticed that there are no special circulating tubes in 
these calandrias, and the vertical baffles are intended to 
establish de&iite up and down currents, those tubes to the 
left of them accommodating the upward, those to the right 
the downward circulation. By these means a lesser 
diameter of calandria is required for a given amount of 
heating-surface with any given length of tubes, and the 
diameters of the bodies of the apparatus are correspondingly 
smaller, so that the floor space occupied by triple effects 
of this design is less than in some of the evaporators already 
described, and the first cost of the complete apparatus is 
kept down to a correspondingly" lower figure. An auto¬ 
matic regulation of the passage of the juice from vessel to 
vessel is obtained by the employment of specially designed 
open trays and juice traps, which act as substitutes for the 
syphons in Fig. 145, permitting the transmission of the 
juice without the accompaniment of any of the uncondensed 
vapour which should properly pass in another direction 
through the large vapour pipe on its way to the succeeding 
calandria. Various minor yet characteristic details are 
seen in the sectional view of this effect. 

Another bulk evaporator which presents points of gi;eat 
interest is shown in Figs. 148 and 149. The upper portions 
of the bodies of this effect are marked by the same 
simplicity of style seen in the previous illustration, and 
various accessories, together with all the details of the 
columns and staging provided for their support, are well 
defined. A careful examination of these illustrations will 
reveal what is the leading characteristic of this apparatus, 
which is somewhat hidden away betieath the staging in the 
one view and partially obscured by the shadow of the 
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platform. The sectional illustration, however, shows that 
the calandrias and lower portions of each vessel are canted 
to one side; that is to say, the vertical centre lines of the 
triple effect bodies and their respective calandrias form an 
obtuse angle with one another. In each of the vertical 



Fiu. 148 —Klovation of trii)le elTecl littotl with indiuod calandriaH. 

multiple-effect evaporators previously described, the 
heating tubes have themselves been placed in perfectly 
vertical positions, but in the present case they are inclined 
to one side, and lie soniewhat towards a horizontal position, 
and these vertical vessels are thus associated with inclined 
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calandrias. It should also be particularly noticed that the 
steam and vapour are admitted at the higher side of the 
latter. A double purpose is achieved by this arrangement, 
in connec^tion with trhc circulation of tlie juice in contact 
with one side of the heating surface, on the one hand, and 
the action of the steam or vapour impinging upon the outer 
side, on the other. It is obvious that, l)y virtue of this 
arrangement, an upward current of circulating juice is 
maintained in those tubes which are located in the more 



elevated portions of each calandria, and such juice, upon 
issuing from the upper orifices of these tubes, is directed 
along the upper sloping surfaces of the tube-plates, to be 
ultimately led by the circulating tubes in the lower regions 
of the calandrias to the lowest portions of the juice spaces 
of the vessels. In this way an excellent juice circulation is 
ensured. AVith reference to the action of the steam upon 
the outside of the tubes, it has first to be observed that 
niucli stress has already been laid upon the great importance 
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of promptly removing all condensation water from the 
interiors of the calandrias; and the great amount of care 
and attention which has been bestowed upon this detail and 
the various methods that have been instituted with regard 
to it have been frequently described. But while similar 
arrangements are retaijied and employed in conjunction 
with these inclined calandrias, the angle at- which their 
tubes are placed is intended to procure still further advan¬ 
tages. It is an establi.shed fact that sluggish films of water 
and juice adhering to the surfaces of the tidjes tend 
seriously to retard the transmission of heat; and in the 
ca,se of perfectly vertical tubes there is a stronger tendency 
for such films to hang about throughout the entire length, 
and on all sides, of tubes so placed. In the case, however, 
of the inclined tubes thisftendency is said to be diminished, 
and a corresponding increase in the cibciency of the heating 
surface is promoted. Moreover, the lower sh pmg tube-plate 
more readily leads the condensation water to the point 
where the outlet to the trap and pump is situated. 

Earlier in this chapter an attempt was made to explain 
the preference which gradually asserted itself in favour of 
film evaporation in connection with the use of the earlier 
forms of steam evaporators worked under atmospheric 
pressure in conjunction with correspondingly high tempera¬ 
tures, and some of the reasons for such preference were 
given. As with these high-temperature evaporators, so 
also with vacuum apparatus, a similar appreciation of film 
evaporation has gradually manifested itself. It is indeed 
very significant that, with an increased velocity of juice 
circulation within the confines of the latter, or by the 
establishment of a more or less approximate condition of 
juice films within bulk evaporators by means of various 
devices, the efficiency' of bulk evaporators has always 
shown a tendency towards the attainment of improved 
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results so far as the amount of work performed by a given 
amount of heating surface is concerned. Before entering, 
therefore, upon any description of film evaporators, it will 
be opportune first to notice important accessories which 



Fio. 150.—Apparatus for olfecting the film distribution of the juice over the 
heating surfaces of a triple offoct. 


have been, and can always be, applied to most of the above 
triple effects which have for their object the establishment 
of as approximate a condition of film evaporation as pos¬ 
sible in conjunction with the use of multiple effects that 
have been originally designed for the purposes of evapora-' 
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tion in bulk. Fig. 160 explains the general intention of 
these ingenious accessories, which promote circulation of 
the juice under treatment, combined with a film distribution 
of it over all portions of the calandria tube surfaces. As 
will be seen, these devices deliver the incoming juice in 
the form of spray or in drops rather than in bulk, so that 
it is distributed over -the heating surface as a film which 
readily becomes heated. In the case of this particular 
illustration, the spraying pipe is rotated by means of the 


Fio. 151.—Plan of multiple effect fillt'd 
with juice-film distributor. 



Fig. 152.—Section of multiple effect 
fitted with juice-film distributor. 



incoming liquor through the reaction of the latter, and a 
continuous film of the same streams down the inner sur¬ 
faces of the tubes. Upon falling out of the lower orifices of 
the revolving arms, the juice, after passing through the 
tubes, is collected in the bottom of the vessel, but is not 
allowed to accumulate, being immediately conveyed to a 
circulating pump located on the floor beneath the effect, 
which repasses it upwards to the spraying pipe for re¬ 
treatment or for removal to the succeeding vessel. 

The other form of distributor consists of revolving 
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perforated arms actuated by a motor worked by tbe juice 
from the discharge pipe of the circulating pump. Figs. 151 
and 152 sliow respectively a plan and section, from which it 
is seen that the juice impinges on the vanes of the motor, 
causing the arms to revolve, it then dow’s into llie distri¬ 
buting arms and, passir^g out of the perforations in them, 
falls on to the heating tubes of the calandria in the form 
of a finely divided spray. It will l)e noticed that these 
perforations are provided on both sides of the arms, and it 
is d.iimed that, the surfaces of the tubes of the calandria are 
thereby subjected to more complete washing than when the 
jui(^e emerges from one side of the revolving arm onlv. 
The facts that the bearings are not in contact with the 
juice, and that no back strain is thrown on the pump, are 
al.so quot(‘d in favour of this form of distributor. 

The facility whudi di.stributors of this nature afford for 
constructing fdm evaporators on the lines of Iniljv apparatus 
is well exemplified by the evaporator given in Figs. 1.5.3, 
154, and 155. This evaporator is remarkable as having the 
vessels superimposed, the first vessel being at the bottom 
of the structure. In this way outside vapour connections 
are done away with. Figs. 153 and 1-54 show vertical 
sections at right angles, from which it is .seen that the 
vapour passes freely from the lower vessel to the heating 
surface of the one above through the calandria peripheral 
spaces. The advantages of this arrangement, are that 
vapour friction is reduced to a minimum, while by the 
umultaneous distribution of the vapour over .the entire 
heating surface a maximuTu efficiency is obtained. 

The juice from the circulating pump attached to each 
.‘^essel is discharged on to the motor A of t he di.stribut orv 
inns, causing the latter to rotate as mentioned above. 
The juice, after streaming down the sides of the calandria 
iubes, collects in the juice space below, whence it is carried 
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Fio. ItWA.- (•onpral elevation ()f patent vertical cvap<»rator. 

return to tlie vessel bel6w. In Fig. 153 a section is given 
in which the lower tube-plate vapour orifices are shown. 
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Kk}. 15r>B.—Section through pafeiit muliiph'x vertical film ovaj)orator. 

A, Isi cff<M't; ]{, 2n(l effect; V. 3rt] effect; 1), automat,ic liquor eontnil tank; 
' K, liquor jupeH between effeetH; F, liquor wparator; (», coueentrated liquor 
discharge pipe; H, conceiUrated liquor extniction pump; «T, Kteaui inlet; 
K. vapour pijK* to eoi\d<'nK«*r; L, surfaeo (‘(uirlenser; M, vacuum jmmp; 
N, manhole arid sight glass; t), eondcns(‘d water-jripcs; 1*, wash water con¬ 
nection; Q, drain value; H. airdi'ains. 
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As with the vapour from tlio boiling juice, steam is ad¬ 
mitted to both sides of the first vessel. 

This form of evaporator occupies but little space, is of 
great simplicity of design, and lends itself especially to the 



Fi<r. 1. —Showing' Ihe lsicilitu‘8 provided for the cluanii)j' of the elfect hIiowii in 
Fig. 155 b, JUwcEa to llu* removable covers being obtained through the iimnliole 
doors X, as mark<‘d in tlmt Fig. 

Torricellian form of condensation. Great efficiency of 
heating surface is also claimed for it, while tlie cost of con¬ 
struction and erection is exceptionally low. Equilibrium 
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valves regulate the transference of juice from one vessel 
to the other, rendering the working of the evaporator 
automatic, so far as the juice supply is concerned. This 
evaporator combines the simplicity of construction of a 
bulk with the high duty of a film evaporator. 

Figs. 155a and 155b give details of a further appa¬ 
ratus of this class of evaporator of recent design. 
Fig. 155b is a section of a triple-effect constructed on 
these principles, the details of which arc explained in the 
accompanying list. 



Fkj ITili - Scftmii of <mo vessel of a horizoiitai iiuilti]>lc.(‘tfeel film eva]»oralor. 


Figs. 156 and 157 give particulars-of another form of 
evaporator which combines the advantages of film evapo¬ 
ration in connection with horizontal vessels and horizon¬ 
tally placed heating surfaces. In this case the circulation 
of the juice is maintained by the employment of circulating 
pumps, in a manner very similar to that just described, the 
distribution of the fluids being, however, effected by fixed 
troughs with perforated bottoms, which arc located above 
the horizontal tubes of the calandrias, the juice flowing out 
of the troughs on to the exterior surfaces of the tubes, 
wliile the steam acts from within them. The tubes them¬ 
selves are fixed in “ staggered ” vertical rows, so as to 




158.—-Scotiuii of OHO vcwsel of another Iiorizoiitul liliu ovaporatur. 

iSes, and the condensation water flows back into the 
steam end ” of each vessel, as seen in Fig. 156, and it is 
iually drawn thence through a trap into the steam end 
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of the next coolest body. This illustration also shows the 
circulation of the juice under treatment as a heavy shower, 
the latter, as already indicated, being steadily maintained 



Fu; I.")!) — Flan of trijtlo-uflfuct jioriz(»ntal lilni evaporator, as seen in seeliori 
in Fjj; No JoS 

by the circulating pump attached t(j each vessel. The 
circulation ,;s thus indei)en(lent of temperature, and there 
is no mass of juice through which the geueiated vapours 



Fui. 100 -Side elevation of trijtle-elfcct film cvaporulur. as seen in jtlan in J'']!,'. loO. 

have to force their escape. In all classes of fdm evapo¬ 
rators this feature enables them to be worked efficiently at 
smaller differences of temperature than are necessary in the 
case of bulk evaporators. It is claiiiKal that the apparatus 
now d(;scribed offers special facilities for cleaning both 












CONCENTRATION OP THE JUICE 


281 


tlie inner and outer surfaces of the calandria tubes, 
inasmuch as the inner surfaces are accessible from the 
“ steam end ” of each vessel, while the outer surfaces 
can be reached from their “ vapour end,” thus ensuring 
the important condition of the continuous cleanliness 
of all j)ortions of the Jieating surface throughout long 
periods of service. Fig. 157 shows 
this apparatus as it would l)e arranged 
for a quadruple effect. Sometimes 
such an apparatus is arranged to 
work in reverse directions, reversing 
vapours as well as juice, in which 
case a second condenser is placed to 
the right of the efl'ect as well as to 
the left, and the extremb vessels then 
can act alternatively as the iirst. or 
th(‘ Iasi vessel of the elTect as desired. 

Sie li revei'sal materially assists the 
cleaaising of the heating surfac(‘s from 
scale, the latter being cracked off the 
outside of the tubes by the action of 
the different degrees of exj)atision to 
which both scale and tubes are thus 
subjected. 

Figs. 158, 159, and 160 give par¬ 



i-'i( 


IGl • Skctfli illus¬ 
trating prindjfU' o1 
the “ elinibiiig-film.” 


ticulars of another horizontal film 
evaporator which has been largely used in sugar factories, 
and is still emploj'ed in connection with various imlustries 
more especially where the distillation of salt water and 
other compound fluids is concerned. 

There is a characteristic difference in this apparatus tc 
the effect shown in Fig. 156, inasmuch as the juice hows, ii: 
its case, through the lubes, while the steam or vapou: 
* surrounds the exterior surfaces. Fig. 158 explains thi 




282 


THE MANUFACTURE OF CANE SUGAR 



Fio. 161 a. — Section of 
patent “climbing-film’' 
evaporator. 

A, Live Kteam inlet; li, 
vapour outlet; 1), centri¬ 
fugal baffle; K. condensed 
water outlet; d, air drain; 
L, concentrates! liquor 
“ outlet; M, calandria; R, 
evaporating tubes; S, 
r separator; T, weak liquor 
* inlet: V. save-all. 


manner and details of its working 
arrangements, and it will be seen 
that the steam or vapour enters each 
vessel through the upper connec¬ 
tion D*, thus surrounding the tubes 
and permeating the interior of these 
sections of the effect. The juice 
enters the section C*, and its passage 
through the tubes is indicated by 
the arrows, which show that a 
certain number of these tubes are 
“ nested ” so as to form a “ coil ” 
of suitable length, through which 
the juice flows successively in alter¬ 
nate directions, thus affording a 
sufficient opportunity for the steam 
to act upon it. The treated juice 
leaves each vessel via the separator 
A** and the trap G“, on the way to 
the next section of the effect, while 
the vapour proceeds to the succeed¬ 
ing calandria via the outlet D*. 

Fig. 159 is a plan of this effect 
showing the relative positions of 
the various vessels and their re¬ 
spective connections, while Fig. 160 
is a side elevation of the same 
apparatus. 

A point of very considerable 
interest in connection with the fore¬ 
going evaporator is that its employ¬ 
ment has led to the invention of 
a novel apparatus now about to 
be described, which is shown in 
Fiffs. 161 161a. 1fi2 163. and 163 a. 
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The object is to secure a more ixniform film of juice 
over the entire tube surfaces than was obtainable by the 
employment of the horizontal effect just described, and it 
is claimed that this has been effected by the use of some¬ 



what similar vessels and calandrias placed in vertical posi 
tions. Broadly, it may be said that the latter is a vertics 
and simplified edition of its predecessor. The principle o; 
which a perfect film is formed over the entire tube surfac 
* is best explained by a reference to Fig. 161, in which ] 
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delivered into the base of the evaporator through the 
valve V. The heating agent enters each vessel of the 
effect via the inlet A, and surrounds the outside surfaces 
of the tubes, while the liquor passes upwards through 
the tubes. The juice may enter the evaporator, as 



above, under a small head of some 3 feet, and, as 
boilitig takes place, a climbing action ensues, the steam 
generated filling the centre of the tube, while the liquor 
climbs on the inner surface of the latter in a thin film. 
The fad of this behaviour is said to be demonstrated 
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by the following experiment. When the evaporator is 
working, a dark-coloured liquor is injected through the 
valve V, and it is found that one or two minutes elapse 
before a trace of colour appears at the top of the vessel, 



! 


although the generated vapour is exhausting at a speed of 
about 60 feet per second. If there were t he smallest particle 
of liquid in the middle of the tubes, it would be discharged 
• by the vapour, and the dark colour would instantly show 
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itself in the top separator of the vessel. It should be borne 
in mind that the juice is not pumped up through the tubes 
of the effect, but that it climbs up the inner surfaces, while 
the central area remains free for the passage of the expellfed 
vapour. Moreover, the liquid passes only once through 
the tubes, and then goes on the following vessel, where 
the same process is repeated. In connection with the 
above phenomenon of “ climbing,” wliich is apparently 
caused by the rushing vapour, no undue imporlance is to 
be attached to the question of the level or head of the 
juice-feed, for the latter may be effected in the usual way 
from a pump or elevated tank under the control of a 
regulating valve, which can be adjusted to admit the 
proper amount of juice required for the proper working 
of the apparatus. . 

Fig. 161a explains how these principles and require¬ 
ments are met in the design and construction of a “ climb¬ 
ing-film ” multiple effect, which, so far as its general 
working is concerned, is subject to the same laws and 
details of operation as have Ijcen ciuphasised in connection 
with all forms of multiple-effect evaporator's. The stan¬ 
dard length of the 3-inch vertical heating and circulating 
tul)es is usually about 23 feet, and Fig. 162 shows how a 
multiple effect, comprising three such vessels, is arranged 
in the construction of a triple effect. The total height 
is considerable, and this feature renders it peculiarly 
suitable for use in connection with a Torricellian Con¬ 
denser. As will be noted in the illustrations, a centrifugal 
separator, with save-all, is provided at the head of each 
vessel, and the vapour and climbing juice striking the 
former, a separation of vapour and juice is effected. 
Figs. 163 and 163a show such vessels working as pre- 
evaporators, both by single and double effect, in conjunc¬ 
tion with a standard vertical triple effect. 



CHAPTER VIII 

CRYSTALLISATION 


The juice has now been concentrated to varying points, 
adapted respectively to whichever process of crystallisation 
is to be employed. These may vary from a density of 
40° Be. with the muscovado process, the point at which the 
juice leaves the copper wall, or steam pan, in a state of 
supersaturation, to the lower figure of 17° to 18° Be. when 
open concentration in conjunction with the vacuum pan is 
employed. The usual density of the syrup, however, when 
it comes from multiple-effect evaporators is 30° Be., corre¬ 
sponding to a water content of about 45 per certt. 

In the muscovado process the next step is to start 
crystallisation by cooling the highly heated syrup. This, 
with the ordinary process, is done by transferring it from 
the last vessel of the copper wall, or from the Aspinall, 
Wetzel, or Bour pans, or other apparatus by which the 
finishing stages of concentration have been carried out, to 
flat rectangular tanks. The temperature is high, some¬ 
where about 230° Fahr., and it is this high temperature 
which has had the effect of preventing the crystallisation of 
the cane sugar during the boiling process. As the tempera¬ 
ture falls, granulation takes place, and the cooling mass 
rapidly becomes a magma of fine crystals mixed with 
mother liquor—the molasses. A crust first appears on the 
cooling surface, and has to be broken as it forms, to secure 
uniform cooling throughout. At the end of two or three 
. days the crystallisation is usually complete, 
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A process wlierel)y the cooling operation is accelerated, 
while at the same time the motion involved develops a 
larger grain in the sugar, is tliat o1 oscillation. An oscillator 
is shown in. Fig. 164, an apparatus whicli, in a somewhat 
primitive form, has been in vogue for many years. It will 
be seen that it consists of a senii-cvlindrical tank, which 

I 

holds the highly concentrated syrup to be operated upon. 



Fiii. Ifi4.—“ Oscillator ” at work in a commoii.iiroccss sujrar factory. 


A shaft extends from end to end of tliis receptacle, upon 
which are mounted four wooden frames or arms. These, as 
seen in the illustration, are so constructed that when they 
slowly revolve they effectually disturb the gradutdly 
solidifying mass contained in the tank. The result of this 
operation is to start a crystallisiition, partly by the cooling 
and partly by t.he effect of the stirring on the concentrated 
syrups. Further crystallisation in the coolers takes place,’ 
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mainly by deposition on the crystals already formed, thus 
securing a sugar of better grain than when oscillators are not 
used. As, however, has been already mentioned, but little 
sugar is now made by the muscovado process, and that only 
under exceptional conditions. What is made, however, if of 
good colour and grain, commands a ready marhet; partly by 
reason of its rarity, and partly on account of its rich flavour. 

The vacuum pan, in which, outside of India, probably 
99 per cent, of the cane sugars of tlie world is made, was, 
as already mentioned, invented in 1812. It was not, how¬ 
ever, until the introduction of the centrifugal that this 
appliance came into use in cane-sugar manufacture, on 
account of the difficulty which was experienced in separating 
the molasses from the crystals. Fig. 165 gives a vertical 
section of a modern standard vacuum pan of the coil type, 
which embodies the results of many years’ experience and 
careful study of the requirements of sugar-boiling, and is 
especially suitable for the concentration of cane juice to the 
highest density admissible, coupled with the formation of 
sugar crystals. A comparison of this illustration with the 
early form of vacuunr pan, shown in Fig. 126, will indicate 
the development of this apparatus during the intervening 
period. Very particular attention is paid to the disposi¬ 
tion of the heating coils, and the amount of heating surface 
in the latter is kept as.large as possible. These coils are 
generally made of solid-drawn copper, and are usually about 
4 inches diameter. Bearing in mind the fact that during 
the progress of concentration they are up-borne and shaken 
by the boiling contents of the pan at a specific gravity of 
nearly one and a half times the weight of water, and that 
during the operation of emptying the pan they are borne 
downwards by the same viscid mass which surrounds them, 
it will be realised that it is necessary that they should be 
well supported in either direction by the strong bar-stays 
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shown, which, in conjunction with the use of suitable brass 
clips, securely hold the coils in position against both upward 
and downward strains. The particular shape of the cylin 
dricaf shell of the pan itself is a matter of much interest. 
It has been settled by ox]wrience, and it is important to 



note, that all modern pans have very deej) conical bott oms, 
which provide for a rapid and complete discharge of their 
contcnt.s when the pan “ st rikes.” To the same end the 
discharge valve is proportionably large, having brass faces 
and rubber joint-rings which act as a safeguard against air 
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leakages whilst the pan is at work. The body of the pan 
is usually surmounted by a dome-shaped terminal cover, as 
well as by a “ save-all ” of somewhat more or less elaborate 
design, which culminates in a large vapour outlet, with 
branch, the latter joining up to a capacious vapour pipe 
which ultimately leads to the condenser and vacuum pump. 
The “ stive-all ” or entrainment preventer is specially ar¬ 
ranged with the object of preventing the sugar from being 
carried awtiy to waste along with the vapour. 

This question of entrainment has been speeificall)' 
noticed in connection with the subject of multijde etfects 
((,'hiipter VIT.), and it has been suggested that in their case 
its avoidance could be largely ensured by maintaining care- 
full}' regulated low levels of the juice boiling in them. This 
particular met hoil of safeguarding against waste of sugar is 
not, however, available in the work of the-vacuum pan, 
and it is absolutely necessary to meet the evil in the latter 
case by the use of the special preventives shown in the 
various illustrations and more jiarticularly referred to in a 
later portion of this chapter, or, preferably, by the adoption 
of the more revolutionary and effective method, that is 
steadily influencing the constrnction of multiple effects, of 
increasing the height between the highest points of the 
heating-surface and the lowest point of the vapour outlet. 
This metliod is particularly effective, and has likewise a 
most beneficial effect upon the general efficiency and 
evaporative power of the vacuum pan. In such cases the 
height of the “ belt ” of t.he pan may have to be increased 
fully 7 to 0 feet , preferably 10 feed, more or less according 
to circumstances, and the dome will thus be raised a corre- 
S})onding amount above its customary position. The 
vacuum pan tjius approximately assumes in appearance the 
outward semblance of a multiple-effect vessel, and the use 
•of an anti-entrainment device is practically unnecessary. 
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Mechanical entrainment will not take place, and vesicular 
entrainment will be almost totally avoided. 

Each pan is fitted with a charging-cock, steaming-out 
valve, and air or vacuum breaking tap; also with light and 
sight glasses, water cups, proof stick, thermometer and 
vacuum gauge. A steam-pressure gauge is likewise fitted to 
each coil of heating surface, as well as a steam trap, to keep 
the coils free from all condensed steam, and at the same time 
prevent the waste of the live steam itself. Particular at¬ 
tention has been paid to the point of making these heating 
coils as efficient as possible, both as to their disposition as 
well as to the certainty of keeping them filled with a fidl 
pressure of steam throughout their entire length. Excellent 
arrangements have been patented with a view to securing 
the fullest possible reduction of the number of steam admis¬ 
sion valves, coupled with the advantage of enabling each 
complete circle of the coils to act .simultaneously as a dis¬ 
tinct unit' so far as a full and proper supply of steam is 
concerned. These devices also specially provide for the 
immediate withdrawal of the condensed steam from each 
coil circle, thus ensuring the absence of any undue water¬ 
logging of the latter. 

Fig. 166 shows a vertical section of another .style of 
vacuum pan, which, although practically similar in shape 
and general principles of construction to the pan just 
described, is chiefly characterised by the special form of 
the major portion of the heiiting surface employed in its 
case. It is termed a calandria vacuum pan, and it will be 
noticed that the maximum amount possible of the heating 
surface employed within it assumes the form of a calandria, 
the latter being very similar in its general features to the 
arrangements adopted in the case of the bulk multiple 
effects already described. The vertical tubes are short 
and of large diameter, expanded into brass or steel tube- 
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Fig. IGG —Sectional elevation of a calandria vacuum pan. 


plates, ami a large central circulating copper tnbe, ex¬ 
tending towards the bottom of the pan, ensures a proper 
circulation of the boiling syrup. As the tube plates are 
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usually of large diameter they are frequently supported by 
strong tie-rods, which protect them from improper strains 
which would otherwise aft'ect them, both when the pan is 
at work and is being emptied. The calandria is supple¬ 
mented by additional coil-heating surface located in the 
cone-shaped lower portion of the vessel, thus preventing 
any stagnation of the juice circulation in the lower region 
of the cone. The illustration shows how the steam is 
admitted t o t he cone coils and to the calandria through the 
controlling stop-valves. It also demonstrates the manner 
in which the condensed steam, in the form of hot water, is 
led away from them. 

With reference to all pan coil-sections, of whatever 
description, it is desirable to point out that in order to 
obtain the maximum output of toassecuite in a minimum 
period, it is advantageous to arrange for the maximum 
portion of the heating surface to be brought into action as 
promptly as possible. That is to say, that as much as 
possible of the total and most etfecitive heating surface 
should be placed in the lowest possible positions in the pan 
bottom. Sufficient attention is not ahvays paid to this 
important point, and disappointment is experienced owing 
to the more limited output obtained in a given time than 
would otherwise result. In the case of calandria vacuum 
pans, modifications on the above lines have recently been 
introduced with good effend.. 

Turning from t he considerat ion of the interior arrange¬ 
ments of vacuum pans, and consulting Fig. 167, it will be 
seen how the exterior of the, vessel usually appears to an 
observer. In the example now presented, a v(wy large 
apparatus is seen, capable of holding a “ strike ” of some 
sixty tons of massecuite, which, when “cured,” will pro¬ 
duce about forty tons of sugar crystals ready for the market. 
The various steam stop-valves which regulate the admission' 
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Kill. 1(17—Extoriiir view ol a livrso inoiloni viu-uuin inn 
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of steam to the different coils, together with their respective 
pressure gauges, are seen in position, as well as the proof 
sticks and the light and sight glasses. At the lower end of 
the bottom cone of the pan are the mechanism and general 
arrangements connected with the large discharge valve. 
Branching out from the cylindrical crown of the vessel is 
the large vapour outlet, which leads to the condenser and 
the vacuum pump. Within this capacious crown the anti¬ 
entrainment apparatus is fixed, which requires special 
notice, for, as already mentioned, loss by entrainment 
cannot, in the case of a vacuum pan, be avoided by any 
limitation of the height of the boiling contents, as in the 
case of bulk multiple-effect evaporators. Unless special 
precautions are taken, a considerable quantity of sugar 
may be lost in the form of particles of syrup carried over 
from the pan to the condenser along with the vapour. One 
effective method, and the most preferable of all, of pre¬ 
venting such loss, has already just been described. Another 
device is shown in Fig. 166, and a further arrangement is 
described in connection with Fig. 168. Within the dome 
of the pan a cone-shaped funnel is fixed, which collects and 
gives direction'to the escaping vapour. The orifice of this 
funnel leads out obliquely towards the side of the dome 
farthest away from the outlet to the condenser. On 
issuing from the funnel the vapour, with whatever entrained 
syrup it carries, strikes on the roof of the dome, and, 
dividing into two streams within the annular passage be¬ 
tween the funnel and the roof, sweeps round both to the 
right hand and to the left to the large outlet to the con¬ 
denser, while the liquids projected on to the roof adhere to 
its surface, ultimately draining back into the body of the 
pan by gravitation. During the passage from the funnel 
outlet to the condenser, the circular sweep of the vapour 
around the cone leads to a further separation of any re-' 
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ained syrup by centrifugal action. To prevent the syrup 
vhich is adhering to the roof of the dome being swept by 
he rush of vapour into the condenser, the large branch pipe 
eading to the latter is extended internally towards the 
unnel, as seen in the illustration; and this inward ex- 
«nsion compels the vapour again to change its direction, 
,hus still further dissociating itself from the liquid adhering 
;o the dome. To provide for the return of the separated 



Fiu. ]0H.—Sectional diagram of anti-entrainment device 


syrup to the boily of the pan, a series of openings is pro¬ 
vided in the flange which forms the base of the funnel. 
Such openings are kept to the side farthest away from the 
outlet to the condenser, the flange being set with a sufficient 
slope to promote effective drainage. 

Reference to Fig. 169 will show the care which has to be 
devoted to the important question of entrainment, and it 
will be seen that an important feature of this anti-entrain- 
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100.—Velocity diagram of an an}i-entrainment arrangement similar to that 
shown in the proceding illustration. 
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iient scheme consists in the proper arrangement of the 
mccessive areas of the passage through which the vapour 
is led. In the first place they should always be of ample 
size, so as to not constrict the flow^of vapour, but they 



Ki«: 170 - (‘nmploU' Micuuni-jMin installation wurlscd in i-onjundion with an 
orilmary jol-ooiKlfii.'.or and iloublc-actinji ilis])la('t'nu*nt \afuuin j)iim|). 


should also be so proportioned thai, on escaping from the 
Luifice of the funnel, there will be a sudden drop in the 
velocity of the issuing vapour, so as to cause a precipitation 
of the syrup which would otherwise have been carried 





300 THE MANUFACTURE OP CANE SUGAR 

onwards. The velocity diagram in this illustration ex¬ 
plains the aim and object of all anti-entrainment arrange¬ 
ments, and indicates in general the principles which control 
their design, whatever may be the precise form in which 
they are made, while some of the preceding illustrations 
of the vacuum pans already givcR. show other methods of 
attaining the above objects. 

Up to this point attention has been confined to the body 
of the pan itself, and its immediate fittings. It is now 
desirable to notice the leading accessories, without which a 
vacuum-pan plant would be incomplete. Fig. 170 gives a 
general view of a complete vacuum-pan installation, and 
shows the pan associated with these various accompani¬ 
ments. The large horizontal vapour pipe, which leads out 
of the dome, bends downwards to the condenser, within 
which the hot vapour is brought into contact with the cold 
injection water and condensed. The conical base of the 
condenser stands in this case upon the top of the vacuum 
pump, which maintains a sufficient vacuum within both 
pan and condenser. The pump has to deal with the volume 
of the whole of the condenser water in addition to the 
air and condensed vapour. In many cases, however, a 
Torricellian or barometric condenser is employed, as shown 
in Fig. 171, when, as explained in connection with multiple 
effect evaporators, the water is not drawn away through the 
pump itself. The duty of the pump is thus confined to 
dealing with the air and uncondensed gases arising from 
the contents of the pan. This barometric; system is now 
much preferred for use in large central factories. 

, The simpler forms of condenser used to be more usually 
preferred, when they were most frequently supplied as 
ordinary jet condensers. As a rule these elementary ap¬ 
pliances give excellent results, more especially when water 
is abundant, and by virtue of their extreme simplicity they ‘ 
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Fm 171—CmniApte vacuum-ian installation worked in eonjum-tion with a 
Intrirellian eondensor and dry-air vapnnni pumji. 

avoid all dangers arising from the use of more complicated 
apparatus which might have to work with comparatively 
foul water containing a considerable proportion of foreign 
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bodies. In certain localities, however, water is scarce, and 
it becomes necessary to employ a condenser of a more 
complicated type. Excessive quantities of injection water 
are not indispensable, the chief point in view being the 
complete intermixture of moderate quantities of the former 
with the condensal)le vapoiir arising from the contents of 
the vacuum pan. To effect this thorough intermixture, it 
is desirable to break up the body of incoming water into 
the minutest globules and thinnest films possible by means 
of suitably arranged broa-kers, which occupy their pi’oper 
positions within the body of the condenser in the form of 
cither perforated or unperforated water trays or ledges, 
through or past which the treated vapour passes in an 
upward or downward direction. Owing to the extreme 
attenuation of the vapour thus dealt wit h, it is best not to 
attempt the institution of a sy.stem of counter-currents 
Irctween the t wo bodies when intermixed unless veiy special 
precaution.^ are taken. The downward w'atcr current has a 
tendency to overpower and check an upward vapour current, 
and thereby nullify the results that should otherwise be 
obtained by a properly arranged apparatus, of which the 
efficacy should be shown by the attainment of a satisfactory 
degree of vacuum. When counter-current condensers arc 
employed, they may assume the form of horizontal multi¬ 
tubular surface arrangements, the w'ater passing backwards 
and forwards from end to end and from bottom to top of 
the condenser through the tubes, while the vapour is 
similarly led downwards through the body of the vessel by 
an arrangement of baffles, which ensures an equal number 
of counter-passages of the vapour, thus enabling the action 
of the water to take proper effect (see Fig. 78, in 
which, acting as a condenser, water will take the place of 
the juice). It will thus be readily understood that a 
scarcity of injection water may at times involve the use of 
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larger and more complicated and expensive condensers, 
the use of the simpler forms of jet condensers being pre¬ 
ferred when there is a plentiful supply of injection water. 
It should, however, be observed that in the case of the use 
of the surface condenser just described, the vacuum pump 
does not have to deal with the disposal of the injection 
water, but, as in the case of the use of a Torricellian con¬ 
denser, simply has to cope with the condensed vapours and 
xmcondensable gases. In the case of the ordinary jet con¬ 
denser, shown in Fig. 170, the mixed water, air, and un- 
con(iensa.ble gases pass through the bottom outlet of the 
condenser into the suction chamber of t he vacuum pump, 
and this final accessory of the installation has now to be 
described. It may be of either the vertical or horizontal 
type, according to circumstances, the latter form predom¬ 
inating in general use. 

The firsts class of pump t.o be noticed is seen in Fig. 172, 
and is intended to deal with the whole of the mij^ contents 
of the condenser. It is thus termed a “ drowned ” or 
“ wet. ” air-pump, in contradistinction to the “ dry ” air- 
pumps used in conjunction with the Torricellian condensers. 
The mixed products first enter the pump via the suction 
branch A, filling the suction chamber B with water and 
rarefied gases. The inlet A and the chamber B are so 
arranged that the uncondensable gases always have the 
fullest chance of remaining uppermost, without having 
unduly to force their way through the accompanying water. 
In t his instance the brass pump bucket or piston F works 
backwards and forwards in the brass-lined pump barrel H 
through the agency of an a ttached steam-engine, and is now 
supposed to be moving, in the direction of the arrow, to¬ 
wards 0. By this movement of the bucket F a vacuum 
is established in each one of the suction compartments B, D, 
and E, in the front half of the pump, and thus the contents 
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of the condenser are dravra through the suction valve C, 
the water falling downwards towards E, the air and incon¬ 
densable gases keeping uppermost towards D. When the 
reverse stroke of the piston F takes place, and it returns 


liHiMd 



Fio. 172.—Section of double-acting horiznnt-al vacuum pump of the bucket type 


towards E, the suction valve C closes instantly, and the 
compressed air and gases, together with all surplus water, 
are ejected through the delivery valve J, the water running 
to waste through the outlet K, while the air escapes through- 
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the air pipe L. This describes the movements and effects 
which result from two consecutive and reversed strokes of F 
to the front of this bucket; and, as the pump is double 
acting, similar effects alternately take place in the back 
half towards (). That is to say, for each complete revolu¬ 
tion of the engine both ends of the pump have been utilised 
and operated in reverse order. It will be noticed that the 
suction spaces of the pump chambers are considerably in 
excess of the total displacemenli effected by each stroke of 
the pump bucket, and herein lies a characteristic feature 
which controls the design of such apparatus. These con- 
sideralilc clearances contain at all titnes sufficient water to 
maintain a water-seal, the level of which should never 
descend below the level of the middle height of the passage 
M during those periods when there is a vacuum in the 
opposite end chambeis of the pump. Proper attention to 
this point prevents the possibility of air leakages past the 
bucket F, and renders it cpiite unnecessary to keep it as 
tightly packt'd as would otherwise be imperative. The 
presence of a sufficient excess of water in the compart¬ 
ments D. M, and E ensures the complete ejection, without 
remainder, of air and gases through the delivery valve J, 
an attainment which is essent.ial to the satisfactory working 
of the puni]). 

Another class of horizontal vacuum pump which may 
now be considered is shown in Fig. 173. It also is a 
drowned or wet air-pump, and in some respects is not 
altogether dissimilar to the apparatus just described. Its 
chief characteristic, however, consists of the special form of 
plunger P, which takes the place of the bucket F of its 
predecessor. The proper maintenance of the efficiency of a 
vaimura pump is a matter of great importance, and any 
device which minimises the amount of supervision requisite 
is always welcomed by the engineer of a sugar factory. 

20 
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In the ease of the majority of bucket pumps, special atten¬ 
tion lias to lie paid to tlie packing of the buckets, and the 
particular form of pump now under considerat ion has for 
one of its chief olijects tlie doing away with the necessity of 
any packing wliatever. Tacking rings and gasket are 
lierein supplanted by the action of tlie water in which the 
plunger T is at all times coiufilctely immersed. The latter 
is simply made so as to be an easy fit in the “ bush ” or 
“ sleeve ” S, thus moving backwards and forw’ards through 
it without undue friction or the excessive expenditure of 



propelling pow'er. Its weight also is usually proportioned 
to matcli its displacement, and it therefore practically 
floats in the surrounding w'ater. Air leakages, in vacuum 
vessels of all types, are most insidious drawbacks to the 
attainment of a satisfactory vacuum, the slightest crevice 
frequently jiroving a sufficient obstacle to the insurance of 
good results. Therefore, it- will be seen that a trifling air 
passage between the plunger and the sleeve, if not sealed 
in some way or another, is certain seriously to prejudice 
good working results. Such seal is effectually supplied by 





CRYSTALLISATION 


307 


tlie water in which the plunger is completely immersed, and 
efficiency, combined with freedom from undue friction, is 
secured. Generally speaking, the action of the pump, as a 
pump, is pretty much on all fours with the bucket pump 
already described. The mixed contents of the condenser 
enter 1h(‘ suction chamber tbrough one or other of the two 
inlets A, B, and, pa,ssing through the suction valves C, 


B 



Kiu. 174.—'rtirricflhan cttiuloiiscr lUlod wilb patent separator. 

enter the. main pump chambers D, towards whichever 
chamber is waiting to receive them. Upon the return 
st'oke of the plunger they are ejected through the discharge 
valves U, the water flowing away to waste through F, while 
the, air escapes through openings at G. 

The above types of vacuum pumps are constructed in 
various forms, both horizontal and vertical, which com- 
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prisp viuious subordinate differences as to details; but a 
careful examination of the accompanying illustrations will 
explain the essential features which should at all times 
characterise an efficient apparatus of tliis description. It 
is now sufficient to jiass on to the consideration of pumps 
of another class, which are morf particularly connected 
with the use of a Torricelliau condenser. Fig. 174 is an 
exterior view of the latter accessory, which is also seen in 
its relative position in Figs. 133 and 171. ft is a counter- 
cm'rent conden.ser, and its interior 
arrangements are so constructed 
as to prevent the falling water 
from overpowering the upward 
va])our current. This safeguard 
is effected by causing the water 
to pass through the condenser in 
t he form of a series of ('ylindrical 
films or water-curtains through 
which the air and uncondensable 
gases can pass with comparat ive 
ease, while at the same time the 
vapour is effectively acted upon 
by the watei-. The vapour and 
Fid. 17.'.—Spiiiai form <if uncondcnsable gases from the 
pan enter the condenser by the 
branch A, and the former is condensed, the uncondensable 
gases leaving by the connection B. They then enter the 
separator C, ultimately passing away to the dry air pump 
by the pipe D. The condensing or injection water enters 
near the. top of the vessel, leaving it, by the tail-pipe E, 
thus taking an altogether different route from that followed 
by the air and gases, leaving the latter alone to be dealt 
with by the pump, which is thus styled a dry air pump. 
The precise manner in which the water leaves the condensei* 
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without the assistance of a pump is clearly seen in Fig. 171. 
The long tail-pipe E must be fully 34 feet in length from 
the point where it joins the bottom cone of the condenser 
to its base, and its lower outlet branch is sealed by the 
water contents of the overflow tank. Thus a colunm of 
water, due to atmospherjc pressure, approaching 34 feet in 
height a))ove the surface of the water in the sealing tank, is 
maintained in the tail-pipe, and so protects the vacuum in 



I'u; I7(i —Ancithci-MH'Uun (if tlic wum'vacuum iium|i, Jiowmg the (.haravlcntti 
ai luui (if the puiuii ]ilun(:cr 

the condenser, at the same time permitting all excess wate 
to flow freely into the tank, whence it overflows into thi 
factory drainage channels. 

The first class of pump to be noticed in connection wit.] 
the above c,ondenser is shown in Fig^. 175, 176, and 171 
In the first illustriition t he pump bucket is descending, an 
t.he point of the cone is entering the small amount of wate 
which is generally present for the purpose of ensuring th 
•highest efficiency of the pump. This entry is efiecte 
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without shock, and a high velocity is thereby given to this 
water, causing it to be carried up througli the ports situated 
in the lower portion of the barrel, as seen in fig. 176. This 
illustration also shows that- <he lower part of the pump 
casting is so shaped that, it will conti'ol the direction in 
which the water spurts, the latter passing through the 
lower parts of the ports, the upjxu' portions of the same 
being left clear for the perfect.!}’ free ent rance of tlie accom¬ 
panying air and gases. The return or upward stroke of the 



Fio 177.—Cicnoral view of an installation of the vacuuin jjuinjj sliown in Fi^s 175 

and 17<> 

bucket closes the ports, and the rising water followed by 
the bucket discharges the air and excess water through the 
valves at the top of the pump. The absence of suction 
valves in pumps of this class is a great convenience, and 
causes simplification of construction. A clear inlet for the 
incoming air is also a point of great importance;, increasing 
the amount of air that a pump of given diameter will throw, 
at the same time ensuring the attainment, of a good vacuum. 
Fig. 177 gives a general view of a pumping installation of 




CRYSTALLISATION 


311 


this class, in which it is generally preferable to employ twc 
or more pumps of smaller diameter rather than one pump oi 
larger proportions. 



h’ig. 178 shows the general features of the next and Iasi 
class of vacuum pump which it is neces.sary to notice. This 
variety is only used in connection with Torricellian con¬ 
densers, and is known as a dry slide-valve air-pump. Th< 
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steam cylinder which actuates the pump is placed nearest 
the fly-wheel shaft, while the outer cylinder performs the 
duty of a pump. The latter in its action is, in fact, a 
reversal of the steam-engine cylinder, a special arrangement 
of the slide-valve being driven by an eccentric which gives 
it a positive action, coupled with, a high resulting vacuum 



Fui 178 a. —Lclilanu rotary air-pump 


and consequent efficiency. The use of the separator C, 
seen in Fig. 174, is more especially desirable when pumps of 
this class are employed. 

When Torricellian condensers are installed the Leblanc 
rotary air-pump (Fig. 178a) may be employed, which, with 
the improvements made since its first adoption, compares 
favourably with the best types of reciprocating air pumps. 
It acts on the intermittent water-plug or piston principle, 
as shown in the illustration, which is more efficient than ‘ 







CRYSTALLISATION 


313 


entrainment by surface friction, and in most cases can 
be operated from the same water sources supplying the 


(iondenser injection - water. 

Similarly, the multijector 
air-pump may be employed 
(Figs. 173 b and 178c). , 

The arrangement of t he 
simple type of multijector is 
shown in Fig. 178b, from 
wliidi it- will be seen that the 
pump is formed with two 
stages consisting of two 
multiple nozzle ejectors con¬ 
nected in scries and con¬ 
structed as a simple sdlf- 
contained unit. 

Kach ejector is (omprised 
respectively of a .steam chest, 
A, A2, and an air suction 
chamber, B, B2, a group of 
c.onvei'gent.-( 1 ivergent st earn 
nozzles C, C2, and a con¬ 
vergent-divergent compres¬ 
sion pipe D, D2, terminating 
in a diffuser pipe E, E2. 
The air inlet branch F is 
connected to the condenser 
or other vessel to be evacu¬ 
ated, and the operating 
steam supply is connected to 
the main steam inlet (J 



’[(5 ITmi. -Multijector aii-imni|) or 
exliaustcv, simple type. 


located on the second stage steam chest. A branch steam 
pipe H, fitted with a stop valve, conveys a supply of steam 
'to the first stage nozzles. 
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The operating steam entrains the air by friction. During 
entrainment it is the velocity of the steam which is 
utilised, and it is due to the high velocities of the operating 
steam and evacuated air that the multijector is so con¬ 
veniently small and of light weight. 

The principle of operation consists of projecting steam at 
high velocity through the group of multiple nozzles into the 
compression pipe, the first stage group of nozzles C giving 
the initial motion to the air and gases. These arc partially 
compressed in the first stage ejector and attain considerable 
velocity as they flow to the second stage, where the re¬ 
quisite final velocity is imparted by the second stage group 
of nozzles C2. The mixture, on passing through the second 
stage compression pipe, D2, enters the diflu.ser pipe, E2, 
where the kinetic energy is transformed into useful work- 
in overcoming the atmospheric pressure at the discharge 
end J. 

At the throat of the diffuser pipe E2, an auxiliary air 
inlet, K, is provided and arranged to be in permanent com¬ 
munication with the atmosphere if the niultijectoi' is dis¬ 
charging into the atmosphere or against a very low pressure 
head, whilst in other cases it would be in communication 
with the same chamber into which the multijector may be 
discharging. 

The intermediate condenser type of multijector is ar¬ 
ranged similarly to the simple type, but with the addition 
of a small compact jet condenser, made of cast iron, as shown 
on Fig. 178c. The general principle of operation is also the 
same, but the air and gases from the first stage ejector are 
discharged through the diverted diffuser pipe E into the jet 
condenser at K. Passing into the condenser, the steajn 
used in operating the first stage ejet;tor is intimately mixed 
with a water spray issuing from nozzle L, and the injection 
water and condensed steam is drained from the condenser at 
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N. The cooled air and incondensable gases are withdrawn 
through M by the second stage ejector, and the mixture 



Fgi 173i'. -Multijcctor uir-pumii or i.xliiuisWr, eoiideuscr type. 

passes through the compression pipe D2 and enters the 
diffuser pipe E2, where the kinetic energy is transformed 
'into useful work in overcoming the atmospheric pressure. 
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For the same duty, the intermediate condenser type 
requires about half the amount of operating steam taken 
by the simple type. Where the heat contained in the 
discharged mixture of steaiu and air cannot be ut ilised, t he 
intermediate condenser type should be used, but wliere the 
heat contents of the discharge ciin bo utilised, either type 
may be used, according to the conditions. 

The principle upon which the vacuum pan is mainly 
worked is that of gradual crystallisation as concentration 
progresses. The syrup as it comes from the evaporator 
stands at a density, as already mentioned, of al)out 30° Be., 
corresponding to the specific gravity of B2(i0, and contains 
some 45 per cent, of water. In some cases, especially in the 
manufacture of grocery .sugars, syrups are reheated and 
filtered before going to the vaevTum pan. 

In -starting the vacuum pan, when a vacuum has been 
obtained, a certain quantity of syrup, varying according as 
a large or small-grained sugar is desired, is drawn into the 
j)an, and boiled down at a vapour t'mipcrature ot 135° Fahr. 
or thereabouts, until a fine cloud of crystals is seen, when 
the syrup thus concentrated is viewed in a thin film. The 
temperature of the pan is then raised so as to secure the re¬ 
solution of the smaller crystals, and consequent uniformity 
of grain. This stage of the boiling, which is called “ grain¬ 
ing,” having been completed, the boiling tempera! ure of the 
pan is again lowered and syrup gradually introduced into 
the mass. This can be done either by continuous or inter¬ 
mittent feeding. As concentration proceeds, if the opera¬ 
tion is carefully carried on, the separated sugar is deposited 
oii the surface of t he already formed crystals, which thus 
gradually grow in size as the pan fills up with sugar. When 
sufficient syrup has in this way been drawn in to supply a 
complete filling of the pan with massecuite, as the mixture 
of sugar grain and molasses is termed, the supply is' 
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stopped, and boiling is proceeded with until the massecuite 
lias reached the proper consistency. This point is generally 
arrived at when the proportion of water present has been 
reduced to 5 per cent, or 7 per cent. The striking orifice 
of the pan is now opened, and the contents allowed to fall 
into either “ crystallisers,” which are described below, into 
movable or fi.xed tanks, oi- into the j)ugmills of the centri¬ 
fugals for inirnediatc curing. 

Tlie operation of crystallisation is not difficult, pro- 
viile.d (aire is taken. Tlie chief point which requires 
attention is regidation of the supply of juice in relation 
to sj)eed of eva})oration of the pan, so that the sugar is not 
sej)aia,t ed from the incoming juice in the form of a secondary 
bat cli of crystals, but is deposited on the surface of the grain 
already formed. Should, bouevor, this not happen, and a 
fine grain be formed among the larger crystals, the sugar 
will lie cured with difficulty in the subsequent centrifugal 
operation. Sucli a grain is called “ false ” grain, is the 
bugbear of pan-boilers, and requires much manipulation to 
remove. To sis ure a large, well-shaped crystal, a minimum 
amoutit of grain should be formed in the first instance, 
while during boiling the grain should be kept, as it is 
technically termed, “ o])en "— i.e., there should be plenty 
of “ mother liquor ” between the crystals. This, of course, 
increases the danger of false grain, and is a course which 
cannot be adopted with gummy juices. Should the 
massecuit e be kept “ close ”— i.e., with a high proportion of 
grains to the cubu' inch -the resulting crystals will be small 
and badly formeil, through the breaking up from attrition 
ot the twin prisms wdiich form the well-rhaped sugar grain. 

In order to obtain a maximum quantity of sugar in one 
operation, it is usual to add molasses to the later syrup 
charges of the pan, gradually increasing the proportion 
x)f molasses to syrup and using molasses only for the last 
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charge. In this way, in addition to the syrnp sugar, some 
of the sugar in the molasses is also obtained in the form of 
crystals, while the use of molasses, by increasing the pro¬ 
portion of uncrystallisable mother liquor, and by thus 
giving rise to greater fluidity in the masseeuite, enables 
greater concentration to be effecty<I than would otherwise 
be f.he case. The mother liquor which has been sej)arated 
from the crystals in the form of molasses contains a large 
amount of sugar which is recoverable bv further concen¬ 
tration. To obtain this, the molasses, after suitable treat¬ 
ment, is boiled flown in the pan to the required density, a 
higher temperature being employed than with syrup sugar, 
so as to avoid the formation of grain, and at t he same time 
secure a proper degree of supersaturation. The eontents 
of the pan before the introdiirtion of erystallisers were 
then struck into coolers, in the same way as with 
muscovado sugar, granulation being comjdcte in from four 
to ten days. After the sugar has been separated from 
the molasses masseeuite by the centrifugals, the residtant 
molasses, if of sufficient quality, is then again boiled and 
cry.stallised in a similar manner. 

With the view of obtaining a lessened quant ity of, or of 
doing away altogether with, molasses sugar as an ultimate 
product, it is customary to use the latter for grain for the 
first sugar. This is usually done by mixing it with syrup 
sufficiently concentrated in the evaporators to ensure that 
little solution of the sugar takes place. The mixture is then 
drawn into the pan, and the grain thus given built upon as 
already described. A similar result is obtained by concen¬ 
trating syrup in the vacuum pan to a point short of granula¬ 
tion and by drawing the dry sugar into it. In each instance 
sufficient solvent power exists on the part of the syrup to 
dissolve fine grains which might interfere with the quality 
of the .subsequent sugar. It is a sine qua non, however, in' 
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point of view of the amount of sugar recovered, that the 
syrup with which the sugar is mixed should not be so dilute 
as to dissolve an excessive quantity of the sugar. By the 
adoption of either of these methods, not only is one sugar 
alone obtained as an ultimate product, but much of the time 
occupied by graining in the ordinary manner saved. With 
the manufacture of grocery sugar, however, this method of 
working is out of the question, as a perfect and gradually 
forme.d initial grain is required to give good ultimate 
results. 

A common practice among sugar-boilers is to make what 
is technically known as a “ cut.” Instead of discharging 
or “ st riking ” the whole of the contents of the pan at the 
first, filling, half is struck out and the pan again filled. In 
this case molasses is not added to the syrup at the first 
filling, but the molasses from the first “ cut ” is used in the 
subsequent filling, a control being thus given as to the 
quality of the molasses used. 

Of recent years t he process of crystallisation has been 
considerably extended by the introduction of “ crystal- 
li.sers,” bv means of which the working up of molasses and 
syrup sugars has been greatly facilitated. Before describ¬ 
ing these apparatus in detail, it will be desirable to examine 
Fig. ] 79, in order that their special functions may be more 
clearly understood. The vacuum pan is here seen in the 
upper story of the factory. Upon being emptied, its con¬ 
tents may be directed at will either into the “ strike mixer ” 
situated immediately beneath the pan, or into the 
“ crystallisation-in-motion ” plant to the right-hand side 
of it. If the former coirrse is adopted, the massecuite pro¬ 
ceeds to the centrifugals, which are situated on the ground 
floor, without further treatment. If the latter, the process 
and machinery now' to be described are brought into play. 
It may be observed that the modern crystallisation-in- 
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motion plant is nothing more nor less than a development 
of the “ oscillator ” shown in Fig. 164, and used many years 
ago in the manufacture of muscovado sugar. It has, in fact, 
been in operation for upwards of fifty years, though it has 
only been generally employed during the last twenty. The 
mechanical advantages brought forward in connectioji with 
its use are so apparent, and so modern in general con¬ 
ception, that, even though the technical advantage of 



Fi(}. 17i>.—Genera! arrangement ef vaenum pan. crvRtalliscrs. anti ecntrifngalH. 


crystallisation in motion may under certain conditions be 
open to debate, the new means of handling massecuite, 
incidental to the process, will probably remain in evidence 
for a long time to come in one shape or another. Crystal- 
lisers may be either open or closed, either steam-jacketed or 
unjacketed, and Fig. 180 shows a battery of these machines 
of the simpler and open types without jackets. Their 
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shape and proportions are here shown, and it will be noted 
that the shaft, which extends from end to end of the in¬ 
terior of the vessels, is fitted with stirrers and driving gear 
which are actuated by^the adjacent steam-engine. The 



Fio. 18().—(iHieral plan of a comploU* set of opc'n-fcypo crystallisors. 


massecuite issues fjrom the vacuum pan into the large re¬ 
ceiving gutter placed immediately above the crystallisers, 
from which it is admitted through plug-holes or valves into 
•whichever vessel is ready for its reception. By the use of 
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these machines it is claimed that a larger return of market¬ 
able sugar crystals is obtained than in the case of crystallisa¬ 
tion at rest. From the time the massecuite leaves the 
vacuum pan up to the moment it enters the centrifugals, 
the process may be automatic, and a considerable amount 
of labour entailed by the use of some of the older arrange¬ 
ments may therefore be di8i)ensed with, economy being thus 
effected. It is also claimed that the crystals from masse¬ 
cuite in motion are larger and more uniform than when 



Fro. 181.—S(tnii-ojK‘n tyjM' crystalliMir. 


formed from massecuite at rest. The very gentle motion 
given to the massecuite is just sufficient to build up into a 
larger grain the cane sugar, which would otherwise be liable 
to form “false grain,” and it likewise ensures a more 
uniform decree of heat throughout the mass of sugar undei 
treatment. Owing to the lessened likelihood of the presence 
of false grain, the work of the (centrifugals is facilitated anc 
increased, and economy of floor space is effected, couplec; 
with greater general cleanliness. The extent of the stirring 
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and gentle movement administered to the njasseJeuite may be 
gathered from the fact that the stirrers usually, on an 
average, make about one ri^volution in two minutes. The 
open cry stall isers shown in Pigs. 179 and 180 are un- 
iacketed, lint when tJiey ar(^ fit t ed with jackets they may be 
constructed as seen it\ Fig. 181, when Iluij' are t(;rmed s('mi- 
open crystallisers. These jackets may t hen bo filled either 
wit h low-pr(‘ssure steam or hot water in circulation, and 



Fiti. ISii.- Jackotod olosed typo uf crj'stalliKor 

the object of fliis addition is e.xplained later on. These 
semi-open crystallisers are frequently used without^ steam- 
jacketing. 

A more elaborate, form of these crystallisers is shown 
in Figs. 182 and 183, in which the vessels are closed, and 
are both jacket-ed and unjacketed. In the case of the 
closed crystallisers the cylinders, in addition to thejisual 
stirrers and driving gear, are fitted with special charging and 
discharging valves, man-hole doors, sight glasses, sampling 
cocks, and pressure and vacuum gauges, together with 


324 THE MANUFACTURE OP CANE SUGAR 

connection pipes to the molasses tanks, the steam main, 
the air-pressure accumulator, and the vacuum pump, as 
seen in Fig. 183. Tlie c^rystallisers may thus be connected 
direcit to the vacuum pan, and when the latter is to be 
discharged the vacuum in it is broken and the vacuum con¬ 
nection to the former opened. The massecuite then passes 
to the cry.stallisers by suction. If this method is not 
adopted, the pan is made to discharge inf o shoots or con¬ 
veyers, which carry the massecuite to the man-holes of the 
crystallisers. Willi closed vessels the usual method is to 
keep the massecuite in motion under vacuum, but if the 
open-air process is used the man-hole doors are left open. 
The various mountings enumerated above allow of careful 
and exact treatment and inspection of the massecuite in 
the closed vessels during the process of. crystallisation. 
When discharging, the connection between the crystallisers 
and t he vacuum pump is closed and the valve to the air- 
pressure opened, the massecuite being thus forced through 
suitably arranged pipes to the centrifugals. If the open-air 
process has been used, the man-hole doors are first closed 
before air-pre.ssure is admitted to the cylinders. This 
system of closed crystallisers permits of greater latitude in 
the matter of the arrangement of a complete plant of 
vacuum pans, crystallisers, and centrifugals, and, by dis¬ 
pensing with gravity, saves headroom, and enables the special 
requirements of particular cases to be more readily met 
without making considerable alterations to existing 
buildings. Fig. 183 shows the general arrangement of such 
an installation. 

Considerable difference in actual practice occurs with 
the use of crystallisers. Their great advantage is the 
opportunity given for working up molasses with syrup 
raassecuites in a manner which cannot be done in the 
vacuum pan. The massecuite from syrup can be boiled 
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clown in the crystallisers to such a degree as to make it 
otherwise impossible to remove it from the vacuum pan. 
Large (][uautitics, 20 to 25 per cent., of hot molasses are then 
drawn into tlie latter and thoroughly mixed with the masse- 
cuite, further concentration is effected, and the resultant 
massecuite transferred to the crystalliser, by gravitation in 
the case of the open, and by suction with the closed, 
crystalliser. The mass is thei> kc'pt in motion as it' slowly 
cools, this operation being retarded, ii\ the case of the 
jacket ed crystalliser, by the use of hot water in the jacket, 
the formation of “ false grain ” by too rapid cooling of the 
supersaturated molasses in contact with the sides of the 
crystallisers being thus prevented. With such a quantity 
of molasses present , were the jnassecuite allowed to cool 
at rest, this would inevitably occur, and it is here that the 
great value of crystallisation in motion conies in. 

The molasses from such sugar is either boiled and struck 
into cooling tanks as already described, the sugar obtained 
therefrom being re.melted or used for “ seed,” or grain, for 
the first sugar, or run away to the distillery or shipping 
tanks, the quotient of purity of the molasses detennining 
the course to he adrqited. What, this determining quotieivt' 
is must be decided by the condition of the juice, as the 
nature of the foreign bodies present, especially the organic 
salts, as well as the quantity, materially influence the 
crystallising power of the cane sugar. 

Another method of using crystallisers is to devote but 
little time to the first sugars, and to concentrate their work 
on the molasses products. As the presence of grain is 
essential, syrup is added to tlie molasses in order that 
graining may be effected in the vacuum pan. The resultant 
sugars are frequently mixed mechanically with the first 
product. 

It must not be considered that crystallisers fer se • 
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increase the extent of crystallisation of the sugar. Masse- 
cuite boiled to the same degree of concentration and cooled 
at rest would contain the same amount of crystallised 
sugar as when crystalliscrs are used, but would not give 
the grain in a suitable form for curing. The function of 
crystalliscrs is to enable massecuites to be manipulated with 
much greater ease, celerity, and ethciency than would 
otherwise be the case. By their aid a considerable pro- 
])ortion of tJie sugar in the molass('.s can be converted into 
high-grade sugar in one oj)eration, while the period of 
crystallisation of se(;ond products is much accelerated. 

Trom the variation in the manner of working vacuum 
pans aiiff crystalliscrs, it is difficult to lay down the quantity 
of each class of merchantable sugar which is obtained for 
cv(uy 100 lbs. of sugar tjiat has come into the factory in 
the form of juice. With the standard of cane juice, how¬ 
ever, which has been taken all along, 88 per cent, of 
chemically pure sucrose, or 91-6 per cent, of 96° sugar, is 
obtained in the form of refining crystals. Formulae are 
frequently given by which the possible extraction of any 
given sample of cane juice can be calculated, based on the 
proportion of uncrystallisable sugar and the “ quotient of 
purity,” or relation of the crystallisable sugar to the total 
solid content, of the juice. As the working qualities of the 
juice depend upon the nature as well as the amount of the 
impurities present, such formulae are not invariably a guide 
to extraction, and although they may be approximately 
acciurate with reference to the juice of a particular factory, 
or description of cane, it in no way follows that their 
application is generally correct. 

Various methods are in use for rapidly emptying or 
removing the massecuite from the interior of the vacuum 
pan. Such discharge usually takes place by gravitation 
alone, but in the case of the closed crystalliscrs the move 
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ment may be accelerated, as already described, by suction 
due to the action of the vacuum maintained in these vessels. 
In some systems compressed air is admitted to the upper 
portion of the vacuum pan to hasten the downward dis¬ 
charge of its contents, and helical screws are occasionally 
employed to force out the massecuite. A rapid empty¬ 
ing of the pan increases its capacity for the performance 
of its specific duties, and when one or other of these ac¬ 
celerators is not in use, it is no uncommon incident for a 
large-sized pan to take from one to two hours to discharge 
a strike of highly concentrated massecuite. The above 
helical screws are sometimes advantageously used con- 
f inuously the whole time the pan is performing the work of 
final concientration and granulation, thus maintaining a 
certain and sufficiently rapid downward circulation in the 
central passage-way of the pan, with a consequent general 
improvement of the circulation of the massecuite through¬ 
out the eritire body of the vessel, thus largely increasing 
its output in a given time. Hitherto the question of the 
treatment, on its way from the vacuum pan to the centri¬ 
fugals, of this viscid magma of sugar-crystals and molasses 
has been considered solely in connection with the inter¬ 
mediate employment of the crystallisation-in-motion in¬ 
stallations just described. The latter have, however, only 
come into general use during comparatively recent years, 
and it was, prior to their introduction, the custom to strike 
the finished contents of the vacuum pans into fixed or 
movable tanks, from which the massecuites were conveyed 
either by gravitation or mechanical means to the pugmills 
of tlie centrifugals. A common and convenient form of 
movable tank adapted to the handling of first massecuite 
is shown in Fig. 184. Its capacity should be about 600 
gallons, and, as it stands on the traverser, it will be noted 
that it consists of a strong wrought-iron tank-body, con- 
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stmcted of riveted plates, the tapering shape of this 
receptacle being arranged to facilitate the discharge of the 
contents into the pugmill attached to the centrifugals. A 
factory furnished with inassecuite tanks of this description 
has tram-rails running under the vacuum pans, and leading 
thence to both the storage chambers and the centrifugals. 



Fiu. 1H4.- Showing tlio inoohanioal hniuUini: massueuito in oommoction willt 
largo-sized <'oolor trucks. 


Such tram-lines are supplemented by the necessary turn¬ 
tables and traversers, and, when it is the practice to record 
the weight of the massetaiite, a weighing machine is also 
installed in a suitable position. This illustration gives all 
the leading and essential details of such an installation, and 
shows how the tank may be emptied by the aid of a tipping 
winch into the large receiver, at the bottom of which a 
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pugmill is placed. Tlie latter is usually a iiiacliine of coi 
sklerable strength, and its duty is to reduce the solidifie 
inassecuitc to a homogeneous consistency suitable f( 
treatment, in the centrifugals. The resultant magma 
then raised by the wet sugar elevator to the mixer, whenc 
it is withdrawn in intermittent batches t o the centrifuga 
as required. 

Another species of tank for first, massecuit es which wi 
once a great. favourit.e consists of truncated cone-shapt 
vessels, each of about 30 gallons capacity. These we: 
filled from the pan by means of suitably arranged gutte 
furnished with a series of numerous plugs and outlets, aiv 
as filled, the tanks were picked up by a special form ( 
hand-truck and conveyed to the storage chambers, subs 
quently proceeding, in due course, to be emptied into tl 
pugmills of the centrifugals. The massecuite in thei 
small boxes should be ready for curing in a few hours, an 
Fig, 185 Shows how they are tlum transferred to the puj 
mills, the discharge being facilitated by the use of con 
pressed air conveyed from the compressor through 
flexible pipe which can l)e attached to a suitably prepare 
plug-hole in the bottom of the bucket. The illustration 
a complete diagram of a massecuite and sugar-dryir 
installation as worked in connection with this small class 
tank. This kind of tank, though it gives good results wil 
first sugars, is quite- unsuited for molasses produc.ts, ( 
account of the cooling being t.oo rapid to allow of suitab 
granulation. For molasses sugars and sugars of low grae 
a very suitable strike-tank consist.s of the receptacle shov 
in Fig. 186. This consists of a small wrought-iron tar 
holding some 300 gallons of massecuite. It is fitted wil 
two wheels behind, and a pivot.ed guiding-wheel in fron 
which enables it to be transported readily along a suitabl 
level floor from the vacuum pan to the storage chamber 
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and later on from the latter to the centrifugals. This 
description of tank is filled by means of a cock and pipe 
attached directly to the discharge valve of the vacuum pan. 
The smaller the tank the quicker the crystallisation, but the 
size given above is the lowest compatible with good work 
in the case of molasses sugars.^ When low-grade masse- 
cuites are struck into fixed tanks placed on the same level 
as the centrifugals, a “ magma ” pump is commonly used 
for their transference to the pugniills, and this description 
of pump is shown in Fig. 187. It may be either belt-driven 
or steam-driven, as seen in the picture, and is double acting. 



Fia 186.—strike-tank for the reception of low-grade masseeuites. 

It has specially large valve areas and passages, in order 
that it may successfully cope with the very viscid sub¬ 
stances it has to pump. While dealing with the general 
question of massecuite transporters, it will not be out of 
place at once to call more special attention to the elevators, 
which stand in conspicuous positions in ^igs. 184 and 185. 
The general details of this class of transporter are seen in 
Fig. 188. The standpipes, in which the chains and disc- 
buckets work, are some four to six inches internal diameter, 
and are necessarily associated with the preparatory em¬ 
ployment of a suitable form of pugmill, which reduces the 
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larger masses of solidified magma to such a consistency as 
will permit of its elevation by the apparatus in question. 

In considering which of the above systems of dealing 
with the massecuite on its way from the pan to the centri¬ 
fugals to adopt, a very important matter has to be borne 
in mind. Whatever, from a manufacturing point of view, 
may be the respective merits of this or that particular 
system, there is no doubt that the smaller and more 
numerous the massecuite receptacles, the greater must 
become the danger of loss due to waste and general un- 



Fia. 187.—Stoam-drivon ma88ocuite|'putnp. 


cleanliness caused by the increased quantities of wet sugar 
which are almost certain to be spilt on the factory floor. 
Increased labour and extra and special arrangements and 
supervision are involved if these drawbacks are to be com¬ 
bated successfully. The subsequent swelling of the masse¬ 
cuite, which frequently takes place whilst it is standing in 
the numerous tanks and boxes, has to be reckoned with, 
and the possible waste due to transport from place to place 
cannot be altogether ignored. Thus, other considerations 
being equal, there is much to be said in favour of the various 
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automatic arrangements of massecuite installations offered 
for the use of sugar-makers, which eliminate these an¬ 
noyances and losses, and reduce the necessity for hand 
labour to the lowest^ possible pouit. About the most con¬ 
venient and cleanest method of conveying massetmite from 



Pus IKK —dhain and disc-buckot olovator. with attached Hugar-breaker for 
treating Htill masHCtAiites. 

point to point in any factory is to effect its transportation 
through pipes of ample area by means of compressed air. 
•It is perhaps surprising that, despite -the many improve¬ 
ments made from time to time with regard to the above 
appliances, there are to-day to be found in existence some 
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of the oldest methods of handling massecuite, which are 
defended hy their users as justifiable in the special circum¬ 
stances of particular cases. As regards first products, one of 
the simplest ways of looking af. this question is, in the first 
place, to divide the subject of sugar-curing in the centri¬ 
fugals into hot curing and. cold curing, and then select the 



Fu 5 18{) (Viitnfu^ivls arranged f<»r the “ lu»t curin^f " of niaswcuit^* 

apparatus used bef ween the pan and the centrifugals to suit 
the exigencies of particular cases, although in one sense 
it may be said that the majority of modern appliances are 
capable of being used for cither system. In the case of hot 
cui ing, a process still in use ui many factories, the niasse- 
cuite is usually struck directly into a large receiver capable 
of taking the entire contents of the vacuum pan, such 
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receiver being placed immediately over the centrifugals 
(see Fig. 189). This vessel, fitted with stirrer gear, and 
commonly called a mixer, is attached to the framing of the 
centrifugals, so as to discharge through suitable valves 
into each centrifugal, and the contents of this mixer are 
spun off as rapidly as possible, so that it will be empty in 
time to take the next strike of the pan. On the other hand, 
in the case of cold curing the massecuite is allowed to stand 
for a longer or shorter period in one or other of the forms 
of tank described above, after which it is taken to the 
pugmills to be prepared for treatment in the centrifugals. 



CHi^PTER IX 

THE PURCSATION OF THE SUGAR CRYSTALS 

The final stage of the complete process of sugar-making 
proper, from the cane-mill to the sugar store, has now been 
reached. The sugar crystals have been formed, and it 
simply remains to separate them from the mother liquor, or 
uncrystalfised syrup, with which they are closely mixed up 
in a mass or magma termed massecuite, in order that the 
crystals themselves may be placed upon the market in a 
suitable form. Such separation, or operation, known as 
“sugar-curing,” is, in the case of t,hc great majority of 
sugars, almost invariably effected by centrifugal force, and 
the machine in which this division is perfonued is known 
as a centrifugal. This mechanical agent has already 
appeared in the four illustrations Figs. 179, 183, 185, and 
189, and a general idea will have thus already been gained 
of its outward appearance and its precise relative position 
with reference to the crystallisation machinery. It will 
not be possible within the limits of this work to attempt 
to do anything like full justice to thegreat care and ingenuity 
which have been exercised during very many years in per¬ 
fecting the design and construction of the well-known sugar 
centrifugal. In order thoroughly to appreciate the many 
convenient forms in which this highly efficient apparatus 
is placed before sugar manufacturers, and the various 
mechanical refinements which have been introduced, it is 
almost indisj)ensable to peruse carefully the elaborate cata¬ 
logues and pamphlets prepared and published by the 
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makers of tliis class of niachiiiory—publications wliicli in 
many respects may be regarded as technical treatises on its 
construction and employment.. The elementary principles 
upon which it is constructed and worked will be explained, 
and the facilities which may be assui'ed by the employment 
of one or other of the various methods available, for driving 
these machines described. 

Each centrifugal, in whatever form it. may appear, 
primarily and essentially consists of a cylindiical basket 



Fid. IfK).—Section of a sclf-dischargin^i centrifugal basket, with feod-distributing 
plate and valveless annular discharge ()]H:iiing, through which the dri(‘d 
sugar falls when the machine st(*ps. 


which revolves at a very high speed, and Fig. 190 serves to 
show how the massecuite is introfluced into this basket for 
treatment. It also indicates the position it takes up against 
the sides of the basket, such attitude being due to the 
centrifugal force established and maintained by the rapid 
revolution of the latter. The entire circumference of the 
basket shell is perforated with numerous small holes, which 
are protected by an arrangement of “ linings ” placed 
against its inner surface. Eeckoning from the exterior 
of the machine towards the -contained massecuite, there is 
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first the perforated shell of the basket itself, then one, and 
sonietiines two, layers of coarse iron or brass plain woven 
lining, then a layer of fine twilled or spiral woven brass 
lining, and, lastly, the niassecuite or substance to be 
treated, which lies against, the inner surface of the latter. 



Fig. I‘.H - Soctioi) of a wator-dnvon supir-dryinj; cfiitrifugal, with Pclton wheel 
and ordinary tlischar^i* valve. 

The intention of the finest and innermost lining is to pre- 
ve.nt t.he sugar crystals from escaping along with the mother 
li(|Uor which is being driven off, while the corresponding in¬ 
tention of the outer and coarser linings is to keep open the 
w'ay of escape for the molasses, which ultimately passes 
through f.ho very numerous holes in the basket, and is 
caught in the strong wrought-iron outer casing which com- 
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pletely surrounds and encloses it. Thus the sugar crystals 
are left behind in the centrifugal, and the molasses is 
led away from the outer casing to be made further use 
of according to circumstances. The centrifugal is now 
stopped, and the dried sugar falls through the bottom of 
the basket and is ledjaway to tljo sugar store by mea ns of 
conveyers. 


1 



Fig. 192.—Scctionul view of one 
method auHjKmdinp: eontri- 
fugals fitted with fixed internal 
and hollow outer revolvinf; 
spindles. 



Fig. 19o.—R ectioiml view of improved 
meth(*d of KusjMmding centri- 
fupals fitted with solid revolving 
KpindleK 


In Fig. 191 a complete section is shown of a water- 
driven centrifugal. Here the basket, with its sugar dis¬ 
charge valve, is seen to be suspended as usual within its 
outer case. The basket itself is secured to the lower end of 
the spindle hanging from a special form of bracket, which 
permits the machine to be self-balancing. Water, under 
high pressure, acting upon the vanes of the Pelton or' 
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turbine wheel attached to the upper end of the machine 
spindle, causes both spindle and basket to revolve, while a 
brake is installed, just below the motor, for the purpose of 
bringing the machine to rest as soon as the sugar has been 
sufficiently dried. Various methods of suspension are 
adopted. In some cases a fixed internal spindle is held by 
two circular india-rubber buffers, as in Fig. 192. Around 
this stationary pivot, an outer hollow spindle revolves and 
carries the basket and its load of sugar. In other cases a 
spindle, solid throughout, is employed, suspended from a 
.special arrangement of ball-bearings, as in Fig. 193. In 
whatever manner the suspension is effected, the chief object 
in view is to ensure the niinimiun amount of friction, 
coupled, within certain limits, with sufficient freedom to 
allow the spindle and basket to balance themselves when 
under the influence of unequal basket loads, and thus guard 
against any "pounding” of the machinery, with the 
consequently excessive wear and tear which woulfl ensue at 
such high speeds, coupled with an unnecessary expenditure 
of driving power. With the same object in view, all re¬ 
volving portions of this machinery are kept as light as 
possible and are most carefully balanced throughout, in 
Fig. 193 it will be noticed that a hollow conical rubber buffer- 
sleeve is employed to steady the spindle, in place of the disc 
buffers seen in the preceding illustration. As a result of 
these special methods of suspension, no heavy foundations 
whatever are required, and, when so desired, these centri¬ 
fugals may be placed on-an upper floor of the factory above 
the sugar store. Centrifugals nia^' be driven in various 
w.iys, either by an engine and belt-driving arrangements of 
various kinds, as seen in Figs. 179, 183, and 185; or by a 
Pelton water-wheel for each separate machine, as already 
described in connection with Fig. 191; or by an electric 
motor which would simply take the place of the Pelton wheel. 
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Fig. 194 shows an installation of five centrifugals, three of 
which are worked with a belt-drive, and two of them by 
Pelt.on water-wheels. Had these two waler-driven machines 
been actuated by electric motors, the general appearance of 



104 arrafijiomoiit (4 wakT-driAcii and lK4t.driv<?n cunirifugalK, 

showinj; how th(! former ar(i ad(h‘d to th(< latl^-r, ainl efmtrastiuK ihn salient 
.features of tlie two <liiTerent inetliofls f>f ]iroj)elIiny[ th»‘ maebities 

the installation would still have remained very similar with 
regard to the general features portrayed in the picture, 
which contrasts the two systems of driving employed in the 
.same range of machines. When a belt-drive is used, the 
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machines are invariably placed, as shown, side by side in a 
straight row; and such a disposition of the component parts 
of the installation is essential, in order that they may fall 
into line with the counter-shafting. But when water or 
electric motors are adopted, a greater latitude is permis¬ 
sible in the arrangement when desired, and Fig. 195 shows 
an installation of six water-driven machines arranged in a 
circle, an arrangement which is not possilde with the use of 



Ki(? 11)5.—Six wat-tH’-drivon cuiitrifugal inaoliinoK arranged in a circle. 

a belt-drive. In siudi a case ihe centrifugals would have to 
be placed in an elevated position, so as to deliver the sugar 
direct into the sugar store, or into a receiver common to all 
the machines, from which the crystals are removed by the 
usual elevator or conveyer. 

Fig. 196 shows one method of driving a centrifugal by 
means of an electric motor, and, wdiatcver differences may 
be introduced as to details of construction, and minutias of 
arrangement, certain important points have at all times to 
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be borne in mind when introducing this system of pro¬ 
pulsion. In the first place, the motor has,to be placed 
aloft, and out of the way of the attendants, where it cannot 
be splashed by the molasses and washing liquids. It is also 
preferable for the motor to be a fixture, instead of oscillating 



l'’i« IIH5 -Soctidji of afi oloctrifally.driven eentrifuiral, witli fixed eleclio-motor 
ftit-ttcJied to the upjMT end of the maeliine .sphidltu 

with the centrifugal, and it is therefore placed above the 
machine framing and firmly attached to it. In such case it 
is independent of the centrifugal, and, not being affected by 
tho oscillation of the latter, it is more conveniently designed 
to meet the requirements which the best electrical practice 
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demands. The centrifugal itself is as simple as an ordinary 
belt or water-driven machine, hanging on a rubber buffer 
in precisely the same manner, the upper end of the spindle, 
however, being modified to permit of a suitable connection 
to the motor through the agency of a specially designed 
friction clutch. Thus the motor may more rapidly attain 
its maximum speed, the centrifugal following and more 
gradually accelerating its speed until both the motor and 
the centrifugal are running at the same pace, so dispensing 
with the necessity for the use of artificial resistance when 
the motor is first started. This action is precisely similar 
to that of the original and standard centrifugal friction 
pulley, which, as is already well known, protects the belt 
from sudden shocik when belt-driven machines are employed 
(see Fig. 185). Although the motor is generally fixed to the 
framing, it may nevertheless be constructed in such a 
manner that it can be promptly disconnected from the 
centrifugal, and access can be obtained to the spindle and 
buffer without disturbing any of the electrical connections. 
By these means a combination of an electro-motor and 
centrifugal is established on sound mechanical principles, 
combining simplicity of construction with ready access to 
all working parts, and affording the possibility of the em¬ 
ployment of either a continuous or alternating current. 
This principle of a fixed motor has also been recently 
applied to water-driven centrifugals, coupled with a special 
form of interlocking gear, which regulates the manipulation 
of a range of machines (see Figs. 197 and 198). 

The motor case 3—4 rests on the beams 40, which form 
part of the framing, and is fitted with a cover 1, into the 
centre of which is secured a hollow steel axle 9. This 
axle does not revolve. On the lower end of the axle a 
ball bearing 10 is placed; the inner part of the bail bearing 
is held firmly to the hollow axle 9 by the nut 12, and the 
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outer part 10 is lield in the eye of the water wheel 2 secured 
by the nut 11, and revolves with the water wheel 2. The 



Fjd. 11)7.—Fi.xrd mo) or for wafci-drivcti ccnt.iTfiJifalN 


upper parts of the niot,or case 2 -4 have flanges projecting 
towards each other forming diaphragms to prevent the 
water spray from getting'over the top, so that there is no 
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possibility of the spent water going anywhere except 
through the return water pipe 39, back to the water tank 
which supplies the pump for driving the machines. 



Fi( 5. 19H.—Two wai(T-(lrivoii ccntinfugals. littod witb liNod motors and 
intorlockinjr gear. 

The top of ihe water wheel 2 revolves between the 
diaphragms on the top of the motor case, and on the face 
of the water wheel the water cups 5 are secured. The 
water cups 5 are fitted into a groove on the face of 
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the water wheel, so that the position of the cups can 
never be altered. The cups are of parabolic form, and 
properly relieved on the bottom side for the escape of the 
water when it has done its work. The cups are all care¬ 
fully inachined, and have knife edges so as to obtain the 
maximum efficiency from the water. As the water wheel 
does not oscillate, the water cups have always the same 
relative position to the water jets 6 and 7, and so maintain 
the highest efficiency. 

The water jets 6 and 7 are screwed into the water 
inlets 8, into which are placed inspection plugs 41. In the 
event of the jets 6 and 7 becoming choked, the water 
inlet bends 8 can be removed, and the jets cleaned and 
replaced again in a few minutes without disturbing or 
undoing any other part of the niacliine. 

On the bottom of the water wheel 2 is bolted the driver 
26; this driver encloses the governor balls 19 in an oil- 
tight cavity below the ball bearing 10. This cavity is 
partly filled with oil through the oil cup 43, which lubricates 
the governor pins 23, the ball bearing 21 on the bottom of 
the governor spindle, and also the ball bearing 10. The 
governor spindle 24 is made in the form of a tube, through 
which the oil passes from the oil cup 43. On the bottom 
of the governor spindle 24 is fitted a ball bearing 21, and 
on the top a collar 14. 

The governor balls 19 are held in the “ off ” position 
by the governor springs 20, which are made of such a 
strength that when the machine attains full speed the 
centrifugal force" on the governor balls 19 causes them to 
fly outwards, and so move up the governor spindle 24 by 
means of the governor levers 22. On the top of the motor 
case cover 1 is fitted a fulcrum 16 for the governor levers 15. 
On the outer short end of the lever 15 a swivelling cross¬ 
head 18 is fitted, through which passes the governor 
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rod 17, which is adjusted and secured by two nuts. As 
already mentioned, when the machine attains full speed 
the governor spindle is moved upwards, and by means of 
the levers 15 the governor rod 17 is pressed downwards, 
which in turn releases the trigger rod 50 and so cuts off 
the water from the accelerating jet 6, leaving the smaller 
maintaining jet 7 in operation until it is desired to stop 
the machine. 

To the underside of the beams 40 is attached the 
centrifugal suspending block 37, into which are fitted the 
india-rubber buffer rings 35, and which are separated by 
the loose cast-iron ring 36. It will therefore be seen that 
botli top*and bottom buffers support the whole weight 
of the centrifugal basket, which is attached to the lower 
end of the centrifugal spindle 68. This patented arrange¬ 
ment of buffers gives great resiliency and perfect steadiness 
of the machine when running with a balanced or unbalanced 
load, and as the buffers are separated by the loose iron 
ring 36, any wear on the bottom buffer is compensated 
by the compression, caused by the total load coming on 
to the bottom buffer, and so it is perfectly self-adjusting. 
Centrifugals are now fitted with the well-known ball 
and sleeve bearings as shown in Fig. 197. The com¬ 
bined brake pulley and driver 64 is fixed to the centrifugal 
spindle 68 by means of nut 28 and is extended down¬ 
wards in the form of a sleeve also numbered 64; this sleeve 
revolves inside the gunmetal bush 67 and is the journal 
bearing of the centrifugal; the ball bearing 66 carries the 
weight of the revolving parts of centrifugal and also con- 
bmts of basket. 

The housing 65 fits inside the india-rubber buffers 35, 
and has a central tube 69 which extends upwards between 
spindle 68 and sleeve 64 and is clear of both; this central 
tube 69 forms an oil chamber in which the sleeve 64 and 
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ball bearing 66 revolve. The ball bearing and sleeve 
bearing are thus revolving in oil eontinually, so that there 
is neither wear nor friction. This bearing is very simple, 
requires no accui'ate fitting, and is very easily put together 
or dismantled. 

The ball and sleeve bearing oil chamber is filled through 
the oil hole in top of combined brake pulley and sleeve 
driver 64. 

To permit of the oscillation of the centrifugal spindle 68 
and the basket, the water wheel 2, which does not oscillate, 
is connected to the brake pulley 64 on the top of the 
centrifugal spindle by leather links 27, the eyes of which 
are slipped over the points of the driving pins 26. It 
will thus be seen that the leather links 27 form a strong 
flexible coupling, which is simple and highly effective, 
and by slipping off the links the motor or the centrifugal 
can be detached wheii desired. 

The bfeke band 30, it is important to note, is supported 
by angle-iron feet which rest on a, flange in the suspending 
bracket 37, so that there is no possibility of tfie brake band 
drooping unequally. The feet on the brake band are also 
so arranged, that when the brake is off, an equal space is 
left all round between the brake band and the brake 
pulley 64. 

By slipping off the connecting links 27, and taking out 
the four bolts which secure the suspending block 37 to 
the beams 40, the centrifugal may be removed without 
disturbing anything else. Again by removing the four 
bolts which secure the motor case to the top of the beams 
40, and unscrewing the coupling nuts 53 which secure the 
inlet water valves to the bottom of the inlet water bends 
8, the motor may Ire removed without disturbing the 
Centrifugal machine or interfering with the working of 
any other machines in the range. 
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It is not within tlie scope of tliis work to attempt more 
than the foregoing delineation of tlic main features and prin¬ 
ciples of sugar-curing, and tlie account of tliose particular 
appliances wliicli, all things considered, liave shown them¬ 
selves to he the most convenient and efficient. It is also 
unnecessary to do more than make a passing reference 
to the various sizes of centrifugal baskets which may be 
employed, or to t,he variations in speed requisite to suit 
the requirements of the different qualiti(‘s of sugar manu¬ 
factured, or t-o the use of cleansing water or steam which 
may be brought into play to hasten and perfect the action 
of centrifugal force. A more gradual acceleration of the 
(;ent rifugats has to be enforced for lower (dass sugars than 
for the higher class; steam, as well as or in place of water, 
has at times to be applied’to the massecuite under treat¬ 
ment, and large-sized baskets are frequently preferred to the 
smaller sizes, all these variations being dependent upon the 
s])ecial requirements of part icular cases. In moi#i tropical 
sugar factories the suspended a)id over-driven centrifugal 
is adoy)ted, and a basket of some dO inches is most generally 
emph)yed. runidng at a speed of some 1200 revolutions per 
minute. It should, however, be noted that in Australia, 
Cuba, Hawaii, and Java, the 42-inch machines have been 
very largely used of late years, while the 48-inch machine 
is not unknown in the British AVest Indies. Although, for 
a given peripheral surface speed, the smaller machine gives 
a higher centrifugal force, and, on this score, has some 
advantage, the use of a larger centrifugal promotes labour 
economy; and due consideration must be given to these com- 
p.irative factors before a decision is reached as to which 
size of basket is t.o be adopted. 

In drying higher class sugars the bulk of the mother 
liquor is first driven off by the action of the centrifugal 
alone, and a preliminary stage is thus completed and a 
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point reached at which the work of the machine must be 
supplemented by the use of steam, water, or syrup, which 
is next passed through the mass of crystals spinning in the 
basket. This supplementary procedure is essential, for 
otherwise the crystals will suffer from the presence of 
molasses left adhering to their surfaces, and their colour 
will not be maintained at the requisite standard. These 
“ washings,” as distinct from the discarded mother liquor 
due to the first stage, are of superior quality, and in many 
of the leading sugar factories, especially where charcoal 
filters are used, it is deemed a matter of importance to keep 
them quite separate. This classification of syrups is best 
effected by what is termed “ fractional ” or “ double 
curing,” which is duly performed by such a double installa¬ 
tion of centrifugals as is shown rn Fig. 199. It will be seen 
that there are two distinct sets of machines, separated by 
a sugar elevator and overhead mixer. The massecuite 
from the* vacuum pan is introduced into the first set of 
four machines, where the bulk of the mother liquor is re¬ 
moved. The partially cleansed crystals are now let out of 
the baskets into the conveyer located beneath them, which 
takes them to the elevator. This in turn deposits them in 
the mixer. They are then amalgamated with a superior 
class of washings obtained from sugars previously treated, 
thus re-forming a massecuite of higher syrup qualities than 
before. This re-formed massecuite is then re-centrifugalled 
in the second batch of five machines, where the sugar 
crystals are thoroughly washed and dried, and the syrup 
thus obtained is kept free from c,ontamination with inferior 
products. At the same time, there is some uncertainty in 
adopting this system, for a particular quality of massecuite 
might require, say, four machines for the first battery and 
six'for the second, while another class of massecuite might 
call for the use of equal batteries of five machines each, or 
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the best' combination might even be found to be three and 
seven machines. This uncertainty has led to the use, in 
many cases, of centrifugals arranged in one battery, and 
provided with double charging troughs, double conveyers, 
and double molasses gutters, so that each respective centri- 



Kia. HM).—(.Vtinbinud double liattery of ecntrifugals, us an'unged for “fractional ” 
Hugar-curing and the elassilication of synips- 


fugal can be used in either the first or the second division 
at will. To the same end another arrangement of centri¬ 
fugals is so carried out (see Fig. 200), that the sugar is 
fii st purged of its mother liquor in a large-sized centrifugal, 
which is made to discharge itself as soon as it stops. The 
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capacity of this initial machine is enough to perform all 
the preliminary work to prepare enough massecuite for a 
considerable number of smaller and following washing 
centrifugals after the partially dried sugar lias been pre¬ 
pared in the intermediate mixer. 



2(K.—Cuinploto arraiigoiiioiit of u 1) itUiry of uontrifugals fitted with massecuite 
and dry siigar handling a])pliancos. 

Belt, screw, grasshopper, and trough conveyers are used 
for the purpose of removing the dried sugar crystals from 
beneath the centrifugals, these being frequently assisted by 
the employment of chain and bucket elevators, which raise 
the finished product to the sugar store. In Fig. 201 a 
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trough conveyer is seen in use, and this illustration likewise 
shows a complete centrifugalling plant which is much used 
in Louisiana and Cuba. Here the lifting and emptying 
appliances for meclianically handling the massecuite in the 
first instance when it first reaches the centrifugals are 
delineated, together with the overhead receiver, pugmill, 
and mixer. The range of eigllt maclnnes, driven, as pre¬ 
ferred, by either water-pressure or elec4.ricity, are also 
shown, with their a(;companying molasses spouts and 
troughs, and the dry sugar conveyer already alluded to. 
This illustration is a fitting conclusion to the description 
of the process of the purgation of the sugar crystals, em¬ 
phasising as it does the efforts which are coristantly and 
successfully being made to perfect this section of sugar 
manufacture and to render it as automatic and efficient 
as possible. 



CHAPTER X 

SCIENTIFIC CONTROL OF THE FACTORY 

The scientific control of a colonial sugar factory should 
always be regarded as one of the chief functions in con¬ 
nection with the manufacture of cane sugar, and its 
increasing jinportance is gradually recognised by those 
connect ed witli it. Tn the beet industry it rules supreme, 
a circumstance which is partly accounted for by the fact 
t.hat this manufactiire is prosecuted in districts which can 
command at their very doors the guidance and services of 
the ablest exponents of its scientific aspect, and partly 
liecause the process of manufacture renders accurate 
scientific supervision obligatory. Distance, which in past 
years has lent a somewhat treacherous enchantment to the 
disn.'gard of -many matters of vital moment to colonial 
factories, has rendered the attainment of a correspondingly 
efficient scientific control of cane-sugar manufacture an 
exceedingly difficult matter, and has retarded many praise¬ 
worthy a1 tempts to establish it. But at the present day 
closer chemical and engineering attention is being paid to 
various points which in the past were judged empirically; 
and it is the object of this chapter to touch briefly upon a 
few details which are of paramount importance in the 
technical conduct of cane-sugar manufacture. 

Not only is an accurate knowledge required of the 
quantity of sugar coming into the factory in the form of 
cane, with a fer cotUra account of that sent out in the 
finished product, but figures showing as well the character 
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of the intermediate work have also to be recorded faithfully, 
in order that a finger may be at once placed on any cause 
which has led. to loss in manufacture, with the view of 
removing it, if possible, or of reducing it to a minimum, if 
unavoidable. In this way the relation of the chemist to the 
work of a sugar factory may be likened to that of a book¬ 
keeper of a mercantile concern, only that the records are 
kept in tenns of sugar, rum, and molasses, instead of pounds, 
shillings, and pence; while the accounts of each department 
are. kept separate so that a correct balance-sheet may be 
struck not only of the work of the factory as a whole, l.)ut 
also of the various sections comprising it. . 

In such a balance-sheet, however, there is one point 
which constitutes a prominent, dift'erence between it. and 
its mercantile prototype, and this is, that, while in the latter 
the balance appears, or should a])pear, on the side pf gain, 
the accounts of the factory chemist, must invariably show 
a sugar loss, successful work apj)earing in the diminution 
of such loss, rather than in the realisation of profits. 

It is a regrettable fact that up to a few years ago the 
full value of scientific records in connection wit.h cane-sugar 
factories was not generally recognised by tho.se in charge, 
the keen eye of the practical sugar manufacturer being 
considered to be all-sufficient to control the manufacture. 
In these days of keen competition, however, when a few 
points per cent, gained or lost may determine the question 
of profit or loss, it is recognised that closer supervision is 
required, and that the mere appearance of the megass filter- 
cake or massecuite is an inadequate check on the amount of 
sugar liable to be lost from faulty work. Similarly, the 
fine appearance of the furnace combustion, or the absence 
of steam leaks, although cxcelhmt indications in their way, 
are not sufficient guides in themselves to the fuel loss.- 
An engine, for instance, may appear to be working quite 
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well and at the same time be wasting fuel from uneconomic 
setting of the slide-valve or other cause not apparent to the 
eye, but yet avoidable. As, however, this is not a scientific 
treatise, it is not proposed to give an account of the physical 
and chemical methods employed by the engineer and 
chemist in obtaining the? desired information in their 
respective departments—methods which will have formed 
part of their scientific education—but rather to provide an 
idea of the data required to control .satisfactorily the work 
of the factory. 

In respect to staff, it is important that the engineering 
department should be sufficiently strong and adequately 
equipped, not only to be able to supervise the running of the 
machinery, but also to carry out the physical observations 
essential to its proper working; while the chemical staff 
should be so constituted as not only to be in a position to 
maintain the regular records, but also to undertake any 
special investigation arising from them. 

The engineering staff of a colonial sugar factory is 
placed, in one respect, in a peculiarly favourable position 
for effective performance of its dutes in connection with the 
maintenance of the efficiency of the machinery placed in its 
charge. In the majority of sugar-growing countries it 
rarely happens that the factory is in actual operation for 
more than four or five months of each year, and the re¬ 
maining portion is thus available for a thorough examina¬ 
tion and overhaul of all mechanical details, and for the 
correction of all defends which may have revealed them¬ 
selves during the work of the preceding crop. Moreover, 
favourable opportunities of considerable length annually 
present themselves for the erection of additional and 
improved appliances. Sugar-canes and cane juice are 
peculiarly perishable substances, and, once the canes are 
cut, the sooner they are crushed in the mills the better; and 
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once the juice is expressed, the sooner it is converted into 
sugar the more likely will be the attainment of satisfactory 
results. It is thus evident how important it is that there 
should be no breakdowns of the factory machinery to inter¬ 
rupt manufacturing operations during the entire campaign, 
and it is for the engineering staff to take every available 
precaution to ensure smooth and continuous work. 

Careful and constant supervision of the machinery when 
at work during crop-time helps one to arrive at a judicious 
decision as to the necessary repairs which should be effected 
at the close of the crop, as well as to the additions of new 
and improved appliances which ought to be made during 
the recess. If at all possible, indicator diagrams are 
frequently taken of the working of all the engines through¬ 
out the factory, with the dual object in view of checking 
the correct setting of the various slide-valves and of 
ascertaining the actual anurant of power expended in 
relation to the quantity of work done in each section of the 
manufacture. The crushing efficiency of the cane-mills is 
also continuously noted and associated with the expendi¬ 
ture of power in the cane-engines; and, on the score of fuel 
economy alone, the extraction is kept up to the most 
efficient point possible. Such preparatory procedure 
enables the engineer, amongst other things, to estimate 
approximately the amount of steam used up in the engines 
throughout the factory. He also endeavours to ascertain, 
as accurately as possible, the amount of steam absorbed in 
each of the numerous and varied forms of heaters and 
evaporators which deal with the cane juice; and he therefore 
carefully watches the details of the work of each section of 
the factory. He keeps himself informed as to the average 
density and temperature of the extracted cane juice issuing 
from the cane-mills, as well as its successive densities and 
temperatures for each section of the manufacture. These 
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data, coupled with a knowledge of the tiverage weight of 
canes, megass, and juice dealt with per hour, enables him, 
at the close of the crop, to account for the proportional 
expenditure of fuel, which should have been carefully 
weighed throughout the campaign. A large jjroportion of 
these general details are identical with those required for 
the sufficient chemical supervision of the manufacture 
proper; and, to this extent, the interests of both chemist 
and engineer are identical, and the recorded observations of 
the former are of invaluable assistance to the latter. 

By means of the information gained in this manner, a 
fairly accurate balance-sheet can be made out at the close 
of the crop, which is of great assistance in determining how 
the steam has been used up in each section of the sugar 
factory, and enables a finger to be placed upon flagrant 
causes of waste of fuel. For instance, apart from the 
quantity of steam required for the purposes of evaporation, 
it is remarkable how much is frequently absorbed in simply 
raising, maintaining, and restoring the juice to com¬ 
paratively low temperatures. This emphasises, other 
things being equal, the great importance of rapidity of 
manufacture, and the desirability, once the juice is heated, 
of not permitting it to hang about and cool unnecessarily 
between the successive stages of manufacture. 

The fuel question of a colonial sugar factory is one which 
asserts itself with peculiar prominence, from the fact that 
the steam is raised through the agency of various kinds of 
fuel obtained from divers sources. Unless the megass is 
made to do the entire work of the factory, the balance of 
the fuel account has to be made up of either coal, wood, 
bamboo, cane-trash, or even molasses. The. use of fuel 
from outside sources should be discouraged, the megass 
produced from the canes by the mills being utilised to its 
fullest extent. It is an unavoidable and necessary product 
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of the process of juice-extraction, and, except for the com¬ 
paratively trifling cost of its removal from the mills and 
its subsequent distribution to the boiler furnaces, it is 
handed over to the engineer, as it were, free of cost, to be 
made the mpst of, and to be utilised as the leading source of 
power, or steam, that is required .in the factory. The less 
desirable source, and one which is curtailed to the utmost 
extent possible, is imported coal, which by reason of the 
great distance over which it has invariably been conveyed 
to the scene of action, is very expensive. It is also very 
regrettable to consume any of the cane-trash in the boiler 
furnaces, the proper disposal of this dried cane foliage 
being a carefully controlled return to the soil of the field 
whence it came. In well-ascertained cases in which effec¬ 
tive boiler and furnace improvements have been carried 
out, resulting in the use of megass alone as fuel, a marked 
improvement in the field crops has been attained, such 
improvement being undoubtedly due to no other cause 
than the rational return of the cane-trash to the land, in 
place of its improper destruction in the factory furnaces. 

Much depends upon the composition of the canes, the 
efficiency of the extraction, and the extent to which the 
normal cane juice is diluted by the practice of maceration 
at the cane-mills, as to how much outside fuel has to be 
burnt; but in well-arranged factories, fitted with the 
most modern appliances, it is possible to work the entire 
factory with megass fuel alone, and, notwithstanding 
numerous variations in the method of manufacture which 
may obtain in different factories, thus avoid the use of 
extraneous fuels. In all cases every effort is made to 
reduce the coal bill to the lowest possible figure, and 
therefore the engineer pays the closest attention to the 
design and construction of the megass furnaces, and, in 
conjunction with the chemist, to their proper working. 
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These furnaces, as will presently be shown, are of very 
special design, offering scope for unremitting efforts in the 
direction of the attainment of the best results. Frequent 
mcgass analyses and boiler tests are conducted, so that the 
amount of steam supplied to the factory may be ascertained 
as accurately as circumstances will permit, and these at 
the same time furnish a record of the efficiency of both fuel 
and furnaces. 

The importance of the question of an efficient control 
of the steam consumption in any given factory cannot be 
exaggerated. It is not too much to say that in a well- 
arranged and properly controlled factory, and with canes 
containing not less than 10 per cent, fibre, no fuel of any 
kind whatever, other than megass, should be required, 
save, possibly, at the veYy commencement and conclusion 
of the crop. This statement is confirmed by practical 
expe,rience, and is further supported by such theoretical 
calculations as have been made from time t6 time. In 
fact, such calculations tend towards the estabUshment of 
the assertion that, theoretically, the megass from any given 
quantity of average canes should furnish an abundance 
of fuel f(jr the conversion of the resultant juice from 
such canes into sugar. Furthermore, it must not be for¬ 
gotten that it is unreasonable to expect to burn widely 
differing fuels in one and the same class of fumage, 
and nevertheless attain maximum efficiency. Hence the 
desirability of retaining megass furnaces solely for the 
consumption of megass. Again, it must not be forgotten 
that a given amount of megass can only be expected to 
generate a certain quantity of steam, and the primary 
point in boiler-house control is to ensure the generation of 
this full quantity. 

The second point, after having thus secured the 
maximum supply of this indispensable agent, is to control 
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its distribution and employment in the most careful and 
judicious manner possible. The prevention of mechanical 
waste by way of steam-leaks and defective engine-vjilves 
has already been noted, and must not on any account be 
neglected. But there is much else that ihay be effected by 
the correct application and use oj steam throughout the 
major portion of the factory operations. Maximum em¬ 
ployment of the multiple effect is imperative, together with 
an efficient use of the juice heaters that ought to be attached 
to this apparatus and worked as an integral part of it. 
The latter should be invariably used towards heating the 
juice coming from the mills, the earliest applicatiop of such 
heating having been effected at the very outset by a large 
heater worked by the waste vapours from the effect and 
vacuum pans (see Chapfer Vlf.). 

The juice-heaters worked by exhaust-steam from the 
various engines throughout the fac^tory next claim close 
attention both as to design and working efficiency. I'hen 
the clarifiers or defecators should receive unremitting at¬ 
tention both as regards their g«meral design and the 
maintenance in first-class working order of their heating- 
surface arrangement s, and all the more so inasmuch as they 
have by preference frequently to be worked by the use of 
direct high-pressure steam. In such case this direct steam 
should only have to be supplied to each clarifier or defecator 
for the space of about one minute, and, if all prelim'inary 
arrangements have been satisfactorily established, this 
brief application of direct stcani can be secured (see 
Chapter V.). 

The vacuum pans require constant supervision, more 
especially in factories in which the pan-power is somewhat 
in excess of actual requirements. They are proverbial 
steam-eaters, more especially during the earlier stages of 
crystallisation, and will often draw considerable quantities 
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of high-pressure steam direct from the ^oilers at moments 
when it can ill be spared. They should never be allowed 
to use direct steanr ml lihilum^ acc^ording to the uncon¬ 
trolled will of the pan-boilers, and it is not so much the 
necessary total steam consumption per day, if uniformly 
drawn, that is objectionable, but the irregular drafts of 
excessive amount that are s])asmodically withdrawn, in the 
absence of the necessary control, that disorganises the 
steam supply of the factory; and it. is not an extreme 
statement to say that, if due control is maintained in the 
prevention of those spasmodic drafts and, in their stead, a 
uniform and more continuous draft is ensured, then, in the 
case of ihany vacuum-pan installations, the ihain steam- 
pipe, supplying the same with direct steam, might in many 
cases be reduced 75 per (KUit. in area without, entailing the 
slightest \mcalted-for inconvenience in the due performance 
of the full day’s work. A “ feeder ” vacuum pan, worked 
by exhaust-st eam, can be employed for the earlier stages of 
crystallisation, preparatory to the subsequent use of pans 
worked by direct steam, and the massecuite of low den¬ 
sities would be passed on from it, by suction pipes, to the 
finishing pans. 

Careful att ention is paid to the quality and quantity of 
lubricants employed throughout the factory, more especially 
with reference to the lubrication of the engine pistons and 
slide-valves. In a sugar factory, where so much exhaust- 
steam is used in heaters and evaporators of all descriptions, 
the water of condensation from which is returned to the 
boilers, there is great danger of fouling the boiler feed- 
water supply when excessive quantities of oil are used in the 
engine cylinders. Moreover, no door is more readily opened 
to a penny wise and pound foolish policy than by the ap¬ 
plication of inferior and unsuitable qualities of lubricants to 
the various machinery journals, the centrifugals especially 
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calling for precise treatment in this respect. With further 
reference to the possible fouling of the boiler feed-water, 
a careful watch has to be maintained in the direction of 
juice leakages which may permit “ sweets ” to find an 
entrance into the steam spaces of the lusters and evapora¬ 
tors, whence they would pass to the boilers along with the 
water of condensation. 

At the close of the crop ample opportunity presents 
itself of effecting the necessary repairs and alterations 
suggested by experience during manufacture. All engine 
pistons and slide-valves are opened out, cleaned, examined, 
repaired, and carefully replaced and readjusted. All the 
steam boilers are cleaned and inspected, the furnaces at the 
same time being thoroughly overhauled. All general 
foundry repairs are arranged for and executed, while the 
machinery as a whole is opened out and examined wherever 
there is any suspicion of inefficiency. Delicate portions 
such as the..centrifugals require special attention and treat¬ 
ment, and the oil in them should not be left within the 
spindles or ball-bearings to clog end cause trouble at the 
beginning of the following campaign. The evaporators 
and heaters are, of course, thoroughly cleansed and 
hydraulically tested, as any neglect in this direction, 
especially in connection with the multiple evaporators, has 
prejudicial effects on the fuel account. So, too, any juice 
leakages, as already observed, adversely affect the boilers. 
General cleanliness throughout each group of heating 
surface is very important, as having a special bearing upon 
the greater or lesser steam pressure which may have to be 
used in conjunction with them. Tn a sugar factory unique 
opportunities are afforded for utilising the exhaust-steam 
from the engines, and well-cleaned heating surfaces enable 
this advantage to be made the most of without throwing 
an excessive back pressure upon the engine pistons. 
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Few industries, indeed, offer such satisfactory scope for 
ascertaining, step by step, the results corresponding to the 
application of a given amount of steam throughout the 
component sections of the complete process. The sugar 
estate engineer has thus a field of observation before him 
which is second to none from the point of view of general 
interest. 

The chemical control centres primarily around the 
accurate recording of the quantity of sugar which comes 
into the factory in the form of cane. This is the most 
difficult item in the factory records to obtain an accurate 
account of. The variation in the sugar content of canes is 
enormoua Not only do canes from the same field show 
different sugar contents, but variation also occurs through¬ 
out the length of the caije itself. Plants and ratoons cut 
at the same time will vary consiclerablv in their sugar rich¬ 
ness, while the same may be said as regards the different 
varieties which now, to so great an extent, mahe up the 
cultivation of a tropical sugar estate. Accurate sampling 
of the cane, therefore, for the purpose of chemical analysis 
is impossible in practice, and figures referred to the whole 
amount of canes ground based on analyses conducted on 
samples must, therefore, be looked upon as being merely 
approximations. Formulae, by which the sugar content 
of the cane is calculated, founded on various analytical 
results, must also be placed in the same category. Megass, 
however, affords a better field for accurate analytical 
results, and as the weight of this is given, sufficiently near 
for all practical purposes, by the difference between the 
weights of cane ground and that of the juice expressed, 
the total amount of sucrose or cane sugar in it is obtainable. 
This, when added to the amount in the juice expressed, 
gives the total quantity of sugar in the canes ground, the 
actual weight of the latter being directly obtained by 
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weighing the carts or trucks containing them on platform 
scales before being discharged at the ihills. It is impor¬ 
tant, however, that the analysis is put in hand as soon as 
possible after the taking of the sample, as evaporation 
proceeds rapidly. 

When, however, maceration is employed, the conditions 
become more complicated. In 'this case, it is essential 
that the total quantity of maceration water be known, 
otherwise the weight of the megass cannot be found by this 
methcKl. The amount in the juice can, it is true, be 
calculated by comparing the specific gravity of the first 
mill juice with that of the diluted juice. This method, 
however, assumes that the juice expressed by the first mill 
is of the same density as the undiluted juice from the last 
mill, an assumption which is not correct. Even if this 
method of determining the amount of added water in the 
juice were correct, no clue would be given to the amount 
of maceration water which has found its way into the 
megass. There is, however, no difficulty in accurately 
gauging the quantity of maceration water used, and this 
should be done. It may, indeed, be taken as a golden rule 
in factory control to take direct figures when it is possible 
to do so, rather than to trust to the fascinating, although 
frequently misleading, methods involving the rise of 
formulse based on purely laboratory results. 

The weight of maceration water being thus known, the 
weight of megass is readily obtained. If W'-weight of 
cane, W, = weight of maceration juice, W 3 =weight of 
maceration megass, and M = weight of maceration water, 
Wj=W+M-W,. 

The weight of macerated megass being thus known, 
with its sugar content, the weight of sugar going to tEe 
furnaces can be ascertained, which, added to that in the 
juice expressed, gives the quantity of sugar coming into 
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the factory, and, by comparison with the weight of cane, 
the percentage of sugar in the latter. 

Further details as to the' composition of the juice and 
megass beyond the mere expression of the amount of 
sucrose present are also essential. The amount of un- 
crystallisable sugar and the percentage of impurities—the 
latter found by taking the Brix, or Balling, density or the 
indication of the refractometer as indicating the total solid 
content of the juice—are also valuable items of information' 
in point of view of the working characteristics of the juice. 
A knowledge of the proportion of water and fibre in the 
megass is also a useful check on the work of the mills. 

In sugar-growing countries where the canes are trans¬ 
ported to the nrills by waterways, considerable difficulty 
exists in ascertaining the Weight of cane ground. A load- 
line on the punts, apart from its want of delicacy, is inac¬ 
curate, inasmuch as its indications are liable to be affected 
by leakage or rainfall, while to lift out of the vftiter and 
weigh the entire punt and contents is outside the region 
of practical methods. In su<'h cases the best solution'of 
the problem is to weigh the megass. This is done either by 
discharging the megass into trucks as it comes from the 
elevator and passing these trucks over platform scales on 
the way to the furnaces, or by the use of an automatic 
machine in which the megass can be weighed while on a 
horizontal carrier. 

It is an old-established and common practice to express 
the work done by mills by the percentage of “ crushing ” 
obtained, i.e. by the percentage of juice extracted. Unless 
this expression is taken in conjunction with the amount 
of fibre in the cane, the figure obtained is worthless as an 
index of the quality—i.e. the proportion of sugar extracted 
of that present in the canes—of the work done by the mills. 
It requires also, in order to cotrect the quantity of juice 

24 
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obtained for the amount of water contained in it in the form 
of maceration water, recourse to laboratory figures of 
density- in which very slight observation differences may 
lead to considerable error in the calculated results, apart 
from other causes of error already pointed out. The most 
reliable method of indicating mill^work is to take the re¬ 
lation of the total amount of sucrose present in the juice 
expressed to that in the canes ground. Thus, if this figure, 
with an eleven-roll mill plant and with the use of 20 per 
cent, maceration, amounts to 92 per cent., the quality of 
the work of the mills would be looked upon as good. The 
“ crushing ” figure expressed in the old way might be any¬ 
thing between 72 and 80 per cent., according to the pro¬ 
portion of fibre in the cane, and comparisons based on this 
figure are proportionately misleading if the latter factor is 
not considered. The percentage of sugar extracted, how¬ 
ever, at once gives an accurate indication of the characder 
of the wdrk done, although an extreme proportion of fibre 
still modifies to a small extent the inference to be drawn 
from the percentage of sugar obtained. 

The water content of the megass is frequently con¬ 
sidered as affording a reliable index of the work done by 
mills in the direction of the extraction of sugar. Here, 
again, without a knowledge of tne amount of fibre present 
in the cane, the figure is valueless for this purpose. The 
mere statement that a mill has reduced the-percentage of 
water in megass to this or that figure conveys little or no 
information as to the quality of the work done. The 
fallacy of the theory upon which this practice is based is 
easily shown. Thus, taking the case in which canes of 
ll and 14 per cent, fibre respectively supply a megass of a 
uniform water content, say 50 per cent, (no maceration 
water being used), with juice of the same density, say 
17 Brix, the composition of the canes will be:— 
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I. • II. 


Fibre . 

— 

11 — 14 

Juice— 

Solids ... 

.. 15-1 

14-6 

Water 

.. 73-9 

89 71-4 86 



100 100 

The megass in each 

case would 

have the following 

composition 

Filire .. 


39-8 

.Iui<u>— 

Solid.s 

. . . 

10-2 

Water 


.50-0 60-2 


100-0 

and the distribution of tl>c 
mejfass would be: — 

Mcftiiss- • 

Fihiv 
.Tuioc 

Expressed juice .. 


and the weight of juice extracted from tlie cane 81*3 and 
76-4 per cent. resj)ectively. 

A furtlier example of the errors which may arise from 
the use of a formula alone is given by a method of ex¬ 
pressing the quality of the mill work, based on the pro¬ 
portion of sugar in the megass calculated as first mill 
juice, to 100 parts of fibre present, which has recently 
been devised. The formula is— 

Per cent. sucro.s(! in niogass 

---xloo 

Pi^r c.imt. sucrose iu first mill juice 
-— XlOO 


cane between the juice and 


I. 

II. 

11-0 

14-0* 

1603 

21-18 

—- 27-03 

_ 35-18 

72-.37 

64-82 

100-00 

100-00 


Tor cent, fibre in megass 
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This is open t® a similar objection to that in the previous 
instance, viz, that unless the canes of which the mill work 
is composed contain the same proportion of fibre, no correct 
inference as to the amoun of sugar extracted can be drawn. 
As there shown, megass fj m canes carrying different per¬ 
centages of fibre, but juice f the same strength, may mean 
different sugar extraction. Such a megass would give 
identical figures in both imstances by the use of t he above 
formula, although, as has been shown, different percentages 
of juice, and consequently sugar, would have been ex¬ 
tracted. Such methods of comparison are therefore useless, 
per se, as guides to extraction of sugar, unless other indica¬ 
tions of the amount of work done by the mills are con¬ 
sidered in conjunction with them. 

The question of the percentAge of sugar extracted by a 
milling plant is not the only one which arises in this con¬ 
nection. Quantity— i.e. the tonnage of canes dealt with— 
as well a% quality requires to be taken into consideration 
before a satisfactory conclusion can be arrived at. Another 
important feature is the amount of maceration done. A 
considerable degree of sugar extraction may have been 
arrived at by its means, while the proportion of water in 
the megass remains the same, or is even greater than it 
would be if no maceration water had been employed. Any 
statement, therefore, regarding mill work should include 
the tonnage of canes ground per hour, percentage of fibre in 
canes, percentage of sugar extracted on that in cane, and 
the proportion of maceration water used. 

A further item of importance is the indicated horse¬ 
power developed by the engine or engines for the work 
done, while, in addition to the above, the description of 
canes ground is mentioned. For, quite apart from the pro¬ 
portion of fibre present, the physical condition of the rind 
characteristic of the variety of cane dealt with affects the 
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feed capacity of a mill considerably, although the modem 
use of preUminary crashers has had the effect of eliminating 
to some extent this factor in milling. 

The records of mill work being thus provided for, the 
next step is to obtain the necessary data for the calcula¬ 
tions referring to the working of the juice—and the basis is 
given by the quantity of sugar recorded as having come 
into the boiling-house in'the form of juice. For this 
purpose an accurate record of the juice delivered is essential. 
The ordinary method employed, where the juice heater and 
subsiding tank system is adopted, is to measure either the 
cold juice before liming and heating in gauged tanks, or the 
hot juice in the clarifiers, in the' latter case a correction for 
ex]:)ansion being made according to the temperature at 
which the measurement is taken. This correction for 
practical purposes may be taken as being 3-5 per cent, at 
200° Fahr., 3 per cent, at 190° Fahr., and 2-2? per cent, at 
180° Fahr. 

If the system of clarifier measurement be adopted, 
the polarisation of the juice at this stage can be taken as a 
reliable basis for calculating the amount of sugar extracted 
by the mills. If, however, the juice is “ sulphured ” prior 
to passing through the juice heater, it is necessary to 
polarise the cold juice, as inversion, with consequent 
destruction of sugar, may have taken place therein. Great 
care in this case is requisite in samphng the juice, so as to 
obtain representative samples. Where the French defecator 
•system of clarification is used, tanks have to be provided 
for measuring the cold juice as it comes from the mill. 

In some instances automatic juice weighing-machines 
based on the revolving dram system are in use, as seen in 
Fig. 202. A drum, c, divided into compartments, and 
suspended from one end of a steel weighing yard, is supplied 
with juice from a tank, o. In this machine one compart- 
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ment is being filled while another is emptying. When a 
balance is obtained between the drum and its contents and 
the counterweight, w, the flow of juice is automatically 
directed into the succeeding compartment. As the latter 
fills, the previously weighed juice is discharged. 

A convenient form of juice meter is also afforded by the 
apparatus shown in Fig. 203. It is actuated by weight 



Fks. 203.—Anotlier form of autumivtic juice meter. 


and not by volume, and is not affected by grit and im¬ 
purities. It is extremely simple, and can be readily cleaned 
and sterilised. The meter (Fig. 204) consists of two tanks 
of equal size (see A^ and A*) which work on edged prisms, 
B, around axles dividing the tanks into two unequal parts. 
Each tank is fitted at one end with a syphon pipe, C, and at 
the other \vith weights, D. The liquid to be measured 
flows through the pipe E, passing along the gutter F, into 
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either tank. Tl^e weights D are so adjusted, that until the 
tanks are filled with the liquid up to the height marked G, 
they remain in a horizontal position; but as the liquid 
rises above that point by the continued flow, the tanks come 
into the position as shown by the dotted lines, when the 



liquid flows through the syphon pipe. After the syphon 
has been started, and the level of the liquid in the tank has 
fallen sufficiently, the tank tilts back again to its original 
position, by the influence of the weight D, the s 3 q)hon 
continuing in action until the tank is emptied. As each 
tank assumes the position (indicated by the dotted lines), 
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it suddenly tilts the gutter F over, so that the new Uquid to 
be measured is obliged to fall into the other tank, when the 
same operation as already described is repeated. It will 
thus be seen that both tanks are filled automatically with 
fresh liquid, while the measured liquid runs away into a 
reservoir or other receptacle as required. Meters of this 
description have been made to weigh one ton of cane juice 
per minute. 

While, however, it is felt that automatic measurement 
of juice is a great desideratum, considerable hesitation is 
shown in adopting automatic measurements, and it is 
generally felt that the simple system of tank measurement is 
the most reliable in practice. To facilitate also the calcu¬ 
lation of the weight of the juice from the specific gravity, 
it is advisable that the hydrometers used should show the 
specific gravity at the temperature of observation, water at 
62° Fahr. being taken as unity; the observed specific 
gravity will then give, as an easy calculation*, the true 
weight of juice; thus, a gallon of juice of which the specific 
gravity is 1-070 will weigh 10-70 lbs. to the gallon. 

For the credit side of the boiling-house balance-sheet, 
as with that of the factory as a whole, the sucrose in the 
sugar and refuse molasses forms the asset. In this case 
the sources of loss are—^the filter-cake, inversion, and en¬ 
trainment, together with the necessary washings of the 
juice, syrup, molasses tanks, etc. • The loss from the first 
two of these causes is ascertainable, the analysis and 
weight of the filter-cake, and the relation of the crystal- 
lisable to the uncrystallisable sugar in the juice and syrup 
afiording the necessary data. The remainder are included 
under the heading of Unknown Losses. 

Proceeding in this way, information is obtained which 
enables balance-sheets on the following basis to be. drawn 
up:- 
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Dr. 

Sucrose entering factory as 


I.—GENERAL BALANCE SHEET 
! Cb. 

Sucrose recovered as 1st 


sugar . 

Sucrose recovered as '2ud 

sugar . 

; Sucrose recovered as 3rd ♦ 
sugar 

Sucrose in megass .. ■ 

„ in molasses .. 

„ in filter cake 

„ lost by inversion 

„ lost by entrain¬ 

ment, etc. 


II.—MILL HOUSE BALANCE SHEET 
Dr. ; Cb. 

Sucrcfsc entering mill house ' Sucrose in juice expressed 
as cane . j Sucrose lost in megass 


III.—BOILING HOUSE BALANCE SHEET 


De. 

; Cb. 




Sucrose in juice expressed 

j Sucrose 

recovered 

in 

1st 


sugar 

Sucrose 

recovered 

ill 

2nd 


sugar 

Sucrose 

recovered 

in 

3rd 


sugar . 

Sucrose in molasses .. 

„ in filter cake 
„ lost by inversion .. 

„ lost by entrain¬ 

ment, etc. 
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I. and III., to be quite accurate, bare to be made out 
for the whole grinding period, on account of actual figures 
for second products not being available until the end of any 
particular campaign. Approximate results can, however, 
be given for each week, if desired, by careful stock-taking and 
estimation of the sugar rpturns of the produce on hand at 
the beginning and end of the week. 

Another useful way of stating the results of factory 
working is the following:— 

Sucrose in canes .. 

„ uiogass 

„ juice .. 

,, 1st sugar 

„ 2nd sugar 

„ 3rd sugar 

„ molasses 

„ filter cake 

Lost fiy inversion .. 

,, entrainment, etc 



The above constitutes the essential part of chemical 
control in connection with the actual manufacture of sugar. 
In addition, records are kept of the composition of the 
megass, the several mill juices, syrup massecuites, and 
molasses, so that the figures may be properly considered. 
Thus, if the sucrose expressed from the cane is not what 
may be looked upon as showing reasonably good work, 
reference is made to the composition of the canes as regards 
fibre and the description of canes ground, and allowance 
made accordingly. In a similar manner, the composition of 
the juice —the proportion of impurity in relation to the 
cane sugar and glucose—or the relation of the two latter 
to one another, gives important information in drawing 
conclusions from the balance-sheet. In association with 
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the engineer, the chemist has duties in 
connection with the boiler plant; but 
these, as well as the question of the 
scientific control of the distillery, will 
be dealt, with when those important 
adjuncts to a sugar factory are con¬ 
sidered. 

The most important of the appara¬ 
tus used in the scientific control of 
a sugar factory is the polariscope or 
saccharimeter. I’he instrument has 
now been brought to a very high 
degree of efficiency after about forty 
years’ constant improvement, and if 
reasonable care is exercised, sugar 
contents of solutions can be determined 
accurately to within 0-05 per cent. 
The use of the saccharimeter depends 
on the fact that sugar is a.n optically 
active substance. That is, it possesses 
the property of lutating the plane 
of polarisation of a beam of plane 
polarised light through an angle, the 
magnitude of which is directly pro¬ 
portional to the concentration and to 
the length of column of liquid em¬ 
ployed. The actual angular rotation 
produced by the solution is in practice 
not measured, but is compensated for 
by introducing a known thickness of 
crystalline quartz which is also optic¬ 
ally active. Some crystals of quartz 
rotate the plane of polarisation to 
the right and others to the left, 
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and a suitable combination of the two^will give all the 
compensation which is required in a saccharimeter. 

The diagrammatic construction of a modern instrument 
is shown in Fig. 204a, the actual in Fig. 204b. 

The light source is situated at (1) and enters the instru¬ 
ment through a small aperture (2), and is converted into a 
parallel beam by the glasS condenser lens (3). ' The double 
prism (4) is so constructed from Iceland spar that the 



V'i(4. 20115. -Sacchannu'ter. 

light after passage through is composed of two parallel 
beams whose planes of polarisation are inclined to each 
other by an angle of about 7°. A diaphragm is placed at 
(5) to present a circular field when viewed by the low power 
telescope (7). The analysing prism is situated at (8) and 
the compensation double wedges at (6) and ;6',’. The larger 
of these moves in a slide across the axis of the instrument. 
This large double wedge is constructed from two halves, 
one half being a wedge of right rotation quartz while the 
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other half is of left rotation quartz. Therefore as this is 
moved more or less rotation is produced either to the right 
or to the left to compensate that of the solution. The 
slide carrying the wedges is also provided with a scale 
on glass situated at (10) and is read by transmitted light 
by means of a low power telescope (11). This telescope 
carries a vernier so that the scale may be read directly 
to i\, division— i.e., 0-1 International Sugar Scale or by 
estimation to 0-05. The tube containing the sugar solution 
is inserted in the trough of the instrument between the 
diaphragm (5) and wedge mounting. 

The most convenient light source to employ is the 
half-watt electric lamp. If this is not available, incan¬ 
descent gas or oil can be employed, but whatever source 
is used care must be taken to insert an efficient diffusing 
screen between the light source and tlie instrument. If 
electric light is used a separate lamp should be mounted 
entirely apart from the instrument, as electric lamps 
mounted in the instrument, as is sometimes the case, 
are not satisfactory and replacements are often difficult 
to obtain. 

In practical use, owing to the fact that the rotatory 
dispersive power of sugar and quartz are not identical, 
the quartz wedge system does not return exactly the 
plane of polarisation for all colours to the original position 
after rotation by the solution tested, and this results in 
the two halves of the field not matehing exactly in tint, 
and different observers will obtain variation in measure¬ 
ment. To compensate for this the field may be made 
uniform in tint by introducing a colour filter, and a cell 
containing potassium bichromate is used or its equivalent 
in coloured gelatine. If the bichromate solution is em¬ 
ployed the standard thickness is 15 mm. with a 6 per cent, 
solution. 
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Quite recently variations were found in the scale length 
of saccharimeters, especially those of Continental make, 
differences of no less than O'3 of a degree having been found 
between the 100° points of saccharimeters recently coming 
from that source. This variation is a most serious fault 
and may lead to considerable loss. In the instrument 
described, which is of British design, this fault has been 
entirely overcome, as, owing to the compensation wedge 
being comparatively small and circular, it can be rotated 
in its own plane after the instrument is finally assembled 
and a position found where the scale is correct. This 
adjustment is now carried out at the National Physical 
Laboratory at Teddington with the greatest of care, and 
a certificate is supplied with each instrumept. 

This adjustment is embodied on the wedge mounting, 
and allows of the instrument being modified at a later 
date to suit any modification which may be made in the 
value of the normal weight in future. 

Another important instrument in connection with 
modern sugar factory control is the refractometer. Fig. 
204c, which affords a means of estimating the solids in 
a solution. This instrument differs fundamentally from the 
polariscope in that its readings are virtually measure¬ 
ments of the velocity of light in the substance under test, 
as distinct from the measurement of the angular rotation 
of the plane of polarisation, which is the basis of all polari¬ 
scope readings. Another difference between the two instru¬ 
ments is that while the polariscope reading is the algebraic 
sum of left- and right-handed sugars, which may be 
present in the solution under test, the refractometer 
reading is a measure of the total solids present. 

Essentially the refractometer consists of two similar 
prisms of suitable glass placed very nearly in contact 
and held in position by hollow brass castings through 
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which water can be circulated in order to control the 

t 

temperature of observation. The brass castings forming 
the prism box are hinged together, and when opened 
a few drops of the liquid to be tested are placed upon the 
surface of the lower prism. The act of closing the box 
squeezes the liquid into a thin parallel film, which fills 



Fkj. 204<’.—Refi'actonieter. 


the small space between the prisms. The mirror below 
the prism box is then inclined in such a way that light is 
reflected through the prism box. 

On looking through the observation telescope, while 
the prism box is gently rocked to and fro about its axis, 
a position will be found at which the field of view is divided 
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nto a light and a dark part, separated by a band of colour, 
lust above the prism box, at the right-hand side of the 
nstranicnt, is a milled ring which actuates the compensator 
vhose function is to eliminate the coloured band and to 
livide ihe field of view sharply into light and dark halves, 
riio line dividing ihe light and dark halves (an be thus 
idjusied so definitely thaf its coimadence with the inter- 
leciion of the cross-wires seen in the telescope can be 
letermined with accuracy and certainty. 

The amount by which the prism box is inclined with 
espect to the axis of the telescope is a measure of the 
iptical density of the material under test, which can be 
ead direcfly upon the divided arc of the instrament. In 
he case of sugar solution, it is generally convenient to 
lave an additional scale engraved upon the arc to read 
lirectly the percentage of water present. 

For forty years prior to 1914 no attempt had been made 
0 improve the refractoinefer, the optical design,of which 
?as in some respects defective. One of the most serious 
lefects w'as that which limited the use of the instrument 
o liquids having a refractive index below 1-52, despite 
he fact that- the arc was divided to 1-70. This was clearly 
lue to an oversight in optical design, the lower (or illu- 
iiinating) prism being made of glass having a refractive 
adex of about ]-r)2, and with such a prism in contact 
dth a liquid having a greater refractive index the light 
rom the mirror is simply reflected—in accordance with a 
rell-known law of optics—from the liquid-glass interface. 

This fundamental error of construction has now been 
vercorae by the use of a suitable glass for the lower 
rism. 



CHAPTER XI 

STEAM GENERATION 


A SIMPLE description has now been given of the manu¬ 
facture of sugar from the sugar-cane. Tliis account, from 
the planting of the gigantic grass, the f<ms et origo of this 
interesting industry, to the deposition of the manufactured 
and marketable sugar crystal in the sugar store, has been 
carried through without a break, and without reference to 
side issues which are calculated to tend to withdraw atten¬ 
tion from the main subject. At the same time it will have 
been apparent to every reader that a powerful motive agent 
has been ever present throughout the entire process, by the 
utilisation of which the above transformation, from plant 
to crystal, has been effected. On most pages the presence 
of “ steam ” has been indicated in some direct or indirect 
form, and its application to the engines and general 
machinery, as well as to the cane juice itself, has been very 
frequently noted. It is now necessary to explain whence 
this important agent has been obtained, and to describe 
the means whereby it has been generated. 

A complete sugar factory may be said to be com¬ 
pounded of three separate and distinct sections, viz. the' 
mill-house, the sugar-house, and the boiler-house. To 
these may be added a fourth department, in connection 
with which the manufacture of rum and other by-products 
may be conducted. It is to the boiler-house and its 
operations that attention will now be directed, and, in 
passing, it may be observed that it is conducive to smooth 
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work and the diminution of noise, dirt, anjJ confusion, when 
these respective departments are self-contained and as 
much shut off from each other as possible. A trifling in¬ 
crease in the difficulty of ready supervision may thus be 
incurred, but, if possible, this slight inconvenience should 
be bohlly met and overcome in a more thorough way than 
by j)ermane.ntly saddling those sections of the factory which 
require seclusion and cleanliness with the drawback of 
constant association with fhe noisier and dustier sections. 

The transport of the sugar-canes to the mill-house, and 
their treatment in the cane-mills, have f)een fully described, 
the action of the latter culminating in f jic separation of the 
woody matter or megass of the cane from its contained 
juice. The progress of this juice through the sugar-house, 
and its ultimate convereion into sugar crystals, have 
already been followed, and the next step is to accompany 
the megass to the boiler-house and witness the means by 
which it is utilised in the furnaces for the geiyjration of 
steam. 

Before entering upon any detailed description of a 
modern sugar factory’s boiler-house, reference should first 
be made to the more primitive arrangements which obtained 
in earlier times, and are in many instances still employed, 
with regard to the use of megass as a fuel. In connection 
with the working of common-process and other factories ill 
which the copper wall is the chief evaporator and con¬ 
centrator, comparatively trifling quantities of megass are 
burnt directly beneath any form of steam-boiler. Instead 
of passing it direct from the mills to the boiler-house, the 
more general custom is to convey the megass from the 
elevators to “ logies,” or megass storage-sheds, where it is 
left to dry before being used as fuel. Sometimes this 
slower process is hastened by spreading the megass in the 
sun, at the cost of the expenditure of a considerable amount 
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of Labour, the use of logics being, however, thus more or less 
avoided. Seoheries, a somewhat elaborate mechanical and 
structural arrangement for more rapidly drying the megass 
by the application of the waste heat from the boilers on 
its way to the chimney, have, also been largely employed 
on immy sugar estates, but their services are gradually 
and I’apidly being dispensed with, and it is now generally 
recognised that a well-designed and elficient type of megass 
furnace is the best form of megass drier that can be con¬ 
veniently used. Logies and sccheries are an abomination 
and nuisan(;e in more, senses than one, and their continued 
employment should be systematically discouraged. 

Ultimately, when naidy foi' use, this valuable refuse is 
taken to the copper-wall furnaces, and burnt therein, to 
boil t he juice which is being concentrated in t he tayches, the 
residue or waste gases being ultimately passed through the 
tubes of a multitubular boiler. This apparatus has been 
shown in j^wo of the earlier illustrations. Figs. Ill and 112. 
In the case of common-process estates, the whole of the 
steam required for the factory is frequently obtained in this 
way; while in some inst ances an additional and independent 
steam-boiler is held in reserve for the purpose of using up 
any surplus store of megass and extraneous supplies of cane- 
trash and wood fuel, and thus meet ing any passing demand 
for an increase of the steam supply. In the case of factories 
in which the copper wall is used in conjunction with the 
vacuum pan similar working arrangements are in vogue, 
and considerable quantities of imported coal, occasionally 
supplemented by trash and wood, are consumed to supple¬ 
ment the megass, and thus cope with the extra demands of 
the extended and more perfect process. When multiple- 
effect evaporators supplanted the old-time copper wall, it 
became ncces.sary to burn the whole of the megass in the 
steam-boiler furnaces. This raised the question of the best 
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method of realising the full heat-value oi the megass, such 
effort being more especially stimulated by the fact that the 
employment of fuel-saving multiple-effect evaporators 
brought within view the possibility of abolishing the 
necessity of any coal or wood consunijition whatever, and 
the avoidance of burning cane-trash which ought properly 
to remain in the cane-fiefds. The attainment of this end 
is a goal well worth reaching by every legitimate effort 
which can possibly be made; and, as labour-saving con¬ 
siderations likewise assume considerable importance, a 
double effort has generally been instituted both for making 
the most of the megass, burning it direct from the cane- 
mills, anl lor abolishing logics and sechcries and their 
disiigreeable and expensive labour accompaniments. 

A visitor to a modefn sugar factory’s boiler-house, 
witnesses, therefore, in the first instance, the arrival of the 
moist megass direct from the cane-mills, from which it has 
been brought by suitably designed conveyers, which distri¬ 
bute it amongst the various furnace feed-hoppers as re¬ 
quired. It contains more or less moisture, is more or less 
finely divided, and is hotter or colder according to the 
varying nature of the treatment if. has received in the mills. 

B’ig. 205 gives a good general idea of the manner in 
which a megass-boiler furnace is supplied with its special 
class of fuel, and in many respects it may be taken as a 
typical instance of one convenient method of conducting 
such supply. Tt also serves to explain approximately the 
characteristic class of external furnace, built in brickwork, 
which it is necessary to employ for the purpose of the 
efficient consumption of f.his description of moist fuel. The 
“ green megass,” B, first falls from the conveyer on to the 
firing platform, P, and forms the heap of megass. A, which 
will serve as a useful and convenient fuel reserve, should a 
short stoppage of the cane-mills take place at any time. 
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When this heap has attained a sufficient, size, it acts as a 
slide, or shoot, down which the green megass can reach the 
furnace hopper C, passing through which it accumulates 
on the fire-grate 6 in the form of the heap D. When the 
apex of the latter has been raised to the point shown in the 
illustration, it acts as a “ stop,” and the green megass then 
accumulates in the hopper C; and, were no fire lighted, it 
would remain stationary, as shown. Wlien, however, the 
furnace is at work, the consumption of the heap of megass D 
causes the apex to settle downwards, and such subsidence 
removes an obstacle to the incoming megass, which is 
awaiting this opportunity of entering the furnace. In 
actual practice this action virtually culminates in a con¬ 
tinuous feed of the fuel to the fire-grate, and all that has to 
be done is to keep the hopper sufficiently supplied with 
megass, one fireman attending to several furnaces. Fig. 
206 shows the application of such a furnace to a well-knora 
type of water-tube boiler, and more generally .elucidates 
various points which have to be observed when using green 
megass fuel. 

Whatever class of boiler happens to be fired with 
megass, it is essential that an external furnace, or brick oven, 
should be used in conjunction with it. Green megass can¬ 
not be dealt with in the same manner as coal, and any 
attempt to burn it on an ordinary coal-grate, and in close 
proximity to the water-cooled heating surfaces of the 
boiler, is certain to end in failure. It is essential that com¬ 
plete combustion of the fuel in the furnace should be 
effected before the products reach the boiler, the highly 
heated gases and 'flames subsequently passing through 
suitably arranged flues to the latter, and opportunity is 
sought for making sure of this indispensable condition. 
Moreover, in the case of green megass furnaces, a double 
duty is thrown upon them; for they have in the first place 
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Fig. 20G.—XiOngitudinal Recfioirof a water-tubo boiler with inegass furnace. 
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bo dry the fuel, and subsequently to consqnie it to the best 
possible advantage. To this end it is imperative that each 
furnace should be constructed of refractory materials, such 
as brickwork, which will absorb and store up heat to an 
intense degree, so as literally to roast the fresh and moist 
fuel the moment it enters the furnace. The considerable 
amount of fuel which has to be kept constantly burning, 
coupled with the large quantities of vapour and gases thus 
generated, and the volume of air required for proper com¬ 
bustion, together with the desirability of an intimate 



Fig. 207.—Longitudinal wcction of a nieohauically fed niegasB furnace. 


mixture of the consequent products, call for suitable accom¬ 
modation in a sufficiently roomy furnace chamber. Hence 
the large cubic capacity characteristic of these structures, 
the precise proportions and shapes of which necessitate 
very careful consideration. The very finely divided con¬ 
dition of the fuel, of which considerable percentages appear 
ill Ihe form of sawdust or “ cush-cush,” is a point which 
must not be lost sight of. The megass should therefore, 
as far as possible, be lightly compressed and quietly de¬ 
posited upon the heap of burning fuel, otherwise it is in 
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danger of being ^wept forward by the draught in an uncon¬ 
sumed condition and wasted up the chimney. This can be 
avoided by proper furnace-feeding arrangements. 

One of the oldest and most efficient of these Dutch-oven 
furnaces is shown in Fig. 207. In this case the megass is 
introduced into the feeder at h, and is slowly forced forward 
into the furnace by the revolving screw c. The grate d is 
arranged as a tier of specially formed fire-bars which avoid 
waste of fuel, and permit of the provision of very large air 



Fio. 208.—Longitudinal section of a jadder-grate megass furnace. 

spaces between the bars. This tier of bars usually assumes 
the form of a truncated semi-cone, down the surface of 
which the megass slowly creeps as it is being consumed. In 
this oven are to be found the elements of a well-fed furnace, 
which, coupled with a careful regulation of the speed of the 
fepding-screw, will give excellent results, and minimise 
the waste of the sawdust present in the megass. 

Another form of these furnaces,which in certain localities 
is probably in more general use than any other, is seen in 
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Fig. 208. One of the chief characteristics qf this oven is that 
it is furnished with a ladder-grate, which provides large air 



spaces between adjacent bars without waste of fuel. At 
the foot of this is fixed a horizontal tilting-giute, which 
greatly facilitates the periodical cleaning of the furnace, a 
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fairly frequent need which should never be overlooked in the 
design of these structures. In this case tlie fuel enters 
through the overhead Irap-door and hopper, falling thence 
on to the large heap of roasting and burning fuel which, as 
already observed, is usually found to be present in this 
class of oven. Fig. 209 shows such a furnace applied to a 
straight-tubed water-tube boiler. 

A further development of these ovens is shown in 
Fig. 210. This furnace is formed in the shape of a 



Kits. 210.—Soctioif of <!ircular mojjasK fiiriiaoe fittod with a circular 
revolving grate. 


capacious- domed cylinder, fitted with a circular and 
horizontal revolving grate, the latter convenience promoting 
increased facilities for cleaning the furnace of clinker. This 
class of furnace is peculiarly applicable when several boilers 
are fired from one and the same oven, and its efiiciency has 
been most marked. In several of the above structures 
large wood-firing doors are in evidenc-e, and these are of 
considerable dimensions andplaceda good height above the 
fire-grate, so as to enable a full charge of wood, when used, 
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to be rapidly thrown on the grate. It i§ the absence of 
suitable provisions of this nature which so frequently pre¬ 
judices the results obtained from the use of this somewhat 
cumbersome and unmanageable form of fuel, which demands 
special facilities if its occasional services are to prove 
acc^ep table. 

Some thirty years ago two French engineers noticed that 
they obtained about 7 per cent., greater efficiency in summer 
than in winter from the same boilers under the same con¬ 
ditions, and ultimately, surmising that tlie gfiin might be 
due to the greater temperature of the air in summer, they 
miide comparative trials which finally confirmed their sup¬ 
positions, and led them to believe that the gain in efficiency 
was chiefly due to the better combustion of the gases with 
heated air. It was also observed that with heated air the 
flames were much shorter and more white, and that there was 
notably less smoke from the c-himney. In connection with 
the (ionsumption of moist megass, a recognitioiv of this 
•principle has promoted increased efficiency, and it is a 
frequent practice in the construction of megass boiler and 
furnace settings to arrange for its adoption. To this end 
the boiler sett ing itself may be surrounded with suitably- 
arranged air-admission channels which lead into similar 
channels and chambers surrounding the furnace, ultimately 
passing through the furnace check-wall, as seen in Fig. 209. 
By this means loss of heat, due to radiation from the boiler 
settings and furnaces, is minimised. The air ultimately 
used beneath the furnace grate is gradually heated to con¬ 
siderable temperatures, and as it absorbs more moisture 
than cold air a smaller proportion of the calorific value 
of the megass itself is required for evaporating the moisture 
in the fuel. Experience has shown that it is an advantage 
to use megass fuel as promptly and as hot as possible, and at 
the same time to obtiiin a heated air supply for use in the 
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furnace. As this fuel is always more or less heated by the 
treatment it has received in the mills, it is important not to 
lose sight of the advantage which may be gained by not 
allowing it to cool before being used; for any contribution 
of this description, however small, wliich tends to maintain 
the highest possible temperatures in the furnace, is an aid to 
the attainment of the best results. 

An artificial as well as heated draught is frequently used 
beneath the grates of these furnaces. Its application, how¬ 
ever, requires the most careful consideration of the con¬ 
ditions involved, owing to the comparatively low specific 
gravity of dry megass, coupled with its finely divided 
condition. 

In colonies where earthquakes and hurricanes have to 
be reckoned with, and where factory chimneys must there¬ 
fore be kept as squat as possible, a system of induced 
draught may be advantageously employed, and with 
certain classes of furnaces its use may be said to be safer and 
less liable to lead to any waste of the finer portions of the ■ 
fuel than would be the case with direct forced draught 
acting immediately beneath the furnace grate. From 
information obtained from numerous boiler teats, it would 
appear that in the case of a natural draught the best results 
are obtainable with a damper-controlled chimney draught 
of fully seven-tenths of an inch of water in the main 
chimney flue, and this figure may be accepted as a fairly 
safe guide when arranging for the installation of artificial 
draught in connection with the consumption of megass fuel. 
Fig. 211 explains the application of an induced draught to a 
straight-tubed water-fnbe boiler, whilst Fig. 212 gives a 
front view of direct hot-blast furnaces at work in con¬ 
nection with four similar boilers. An idea is also obtained 
of the manner in which the megass is conveyed from the 
mill-house to the furnaces and subsequently distributed t,o 
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> the latter. In this case there is an e^xtended use of 
mechanical appliances for the actual feeding of the fuel into 



Fia. 211.—Wator-tubo boiler worked in conjunction with an induced 
draught. 


the furnaces, which may be usefully compared with the less 
elaborate method shown in Fig. 205. 

Enough has now been said for the purpose of explaining 
the general conditions under which green megass has to be 
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utilised for raisiiig the major percentage if not the whole 
of the steam used up in a sugar factory, As in the case of 
alitiost every other of tlie appliances employed in the manu¬ 
facture of sugar, so also in that of t hese special furnaces it 
may be said that, t hey are to be fouiul at. work in a great 
variety of forms. Most, manufacturers and engineers have 
their own special views reganlin'g t he best style of furnace 
to meet specific conditions, which show themselves in 



Fin. 212—Water-lube boilers worked in eonjunetitm w’ltlt direct 
forced hot-bla.st draught. 


ihnost every conceivable design employable, and in divers 
:JOuntries a great difference of opinion prevails as to the 
:)est proportions of grate area and furnace draught that 
raght to be applied. Local conditions must receive very 
;areful consideration, and a taller chimney may be associ- 
ited with a smaller grate area, while the megass from 
/ery sweet and woody canes will not present the same 
lifficulties of consumption which are experienced and have 
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to be overcome when comparatively rank ,and immature 
canes have been ground in the mills. 

With reference to the undoubted success that has more 
recently attended persistent efforts to improve the efficiency 
of megass furnaces, it is perhaps desirable to state here 
that, in numerous instances, such efforts did not meet with 
full success until after the introduefion and use of a 
mechanically produced draught. The employment of a 
fan to supplement the pull of a chimney of moderate 
dimensions ensures a more uniform and certain control 
over the air-supply to the furnaces, which are thus practi¬ 
cally rendered more independent of atmospheric conditions, 
and are also*l§ss liable to be adversely affected by the ever- 
changing cpialities yf the megass fuel supply, or by certain 
drawbacks that would be otherwise experienced through the 
employment of economisers. By means of a meclianieally 
produc-ed draught a sound basis is established upon which 
v/ell-regulated experiments in connection with furnace im¬ 
provements can be satisfactorily and profitably prosecuted. 
There are two systems—forced or induced—under which 
such draught can be utilised, and it is even an advantage 
t.o use simultaneously both a forced draught -fan for the 
precise regulation and supply of air to the furnaces as well 
as an induced draught fan to control f.hc removal of the 
waste gases from the boiler flues and forward them in a 
carefully regulated current f o f he chimney, and thus ensure 
a “ plenum ” in the flues of the boiler settings, with the 
consequent avoidance of an excessive cold-air leakage 
through the joints of the brickwork. The latter should at all 
times be maintained iji scrupulously good order, and should 
periodically be externally painted with suit able applications, 
such as an asphaltum varnish, which should preferably be 
applied when the boilers are at work, so that any serious 
air leakages may be the more readily detected and stopped. 
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Now that tlie einployinent of economisers is becoming 
more prevalent on sugar estates, some form or other of 
mechanical draught becomes all the more essential; and, 
indeed, if the fullest possible benefits are to be derived from 
the installation and use of an economiser, a mechanical 
draught may be said to be practically indispensable. A 
chimney draught, by itself, may be regarded as insufficient 
for the attainment of the best possible residts, as it is 
entirely dependent on a high temperature in the waste gases. 
When this ot.henvise lost heat is ufllised in an economiser for 
the heating of the boiler feed water, some other and less 
wasteful means of draught production must be substituted, 
and the installation of a mechanically produced draught 
solves the problem—and the steam-epnsumption of a 
properly arranged installation of this description will not 
exceed U- per cent, to 2 per cent, of the total steam 
generated. 

In order to obtain the best possible results, the use of an 
econondser or feed water heater is essential. By such 
means a large amount of the available, and otherwise waste 
heat in the flue gases is utilised. In the absence of some 
system of mechanical draught the necessary average gas- 
temperature at the base of the chimney may lie taken as 
from 650° Fahr. to 600° Fahr. With a well-arranged in¬ 
stallation of economisers and fans this temperature may 
be reduced to 300° Fahr. without prejudicing the work 
of the furnaces, the difference in temperatures repre¬ 
senting an enormous increase in efficiency and working 
economy. 

Turning attention more particularly to the various types 
of boilers which have been used on sugar estates, and to 
those forms which are coming more and more prominently 
to the front at the present day, it may be observed in 
the first place that such generators as are generally used 
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on sugar estates may be rouglily divided into three 
classes:— 

(1) Tank, or shell boilers. 

(2) Fire-tube boilers. 

(3) Water-tube boilers. 

Class 1 comprises the many varieties of cylindrical 
boilers, of a more or less comparatively simple type, which 
are generally used in connection with coal fuel. Their 
external form in most cases virtually assumes that of a 
plain cylinder with flat ends. Internally they may be con- 
sfructed with a great variety of modifications, which have 
for their object the efficient transmission of heat t,o the 
centained wSter, the latter being present in considerable 
bulk; and the various fuit her ends they are designed to meet 
are as to strength, durability, size and weight, saving of 
labour and material, and improvement oi water circulation, 
coupled with facilities lor e.xamination, cleaning, and 
repairs. When coal has to be used in a sugar factory, 
various forms of these steam generators are usually em¬ 
ployed in connection with its consumption, although, even 
for this description of fuel, watcr-t.ube boilers have already 
been occasionally adopted. Tn one sense, tank boilers are 
also fire-t ulje boilers, inasmuch as they contain one or more 
large-sized horizontal firing flues which are of considerable 
diameter. Within these flues and within the boundaries of 
the main shell the coal fire-grates are located, the balance 
of such flues serving as conduits for the products of com¬ 
bustion as they pass through the boiler. 

Class 2 (fire-tube boilers) comprises shell boilers of a 
comparatively limited number of types. Tn fact, so far as 
sugar estates are concerned, it may be said to have reference 
to one particular form of multitubular boiler. In such a 
steam generator the coal or megass furnace is located 
wholly outside the boiler shell, and the one or two fire-tubes 
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of large diametof and comparatively thick plates, which are 
special characteristics of the tank boilers, are now sup¬ 
planted by numerous horizontal fire-tubes of very small 
diameter, made of thin plates. The latter are introduced 
for the purpose of gaining more heating surface of increased 
efliciency within any given space. The water contents of 
the boiler shell are likewise broken up and divided by these 
tubes into rather shallow films, or connected water sections, 
and the mass of water, as a whole, is thus permeated by the 
largest useful number of heat-distributing channels. The 
crowding of these fire-tubes in a multitubular boiler is 
often carried to an extreme. Heating surface in the 
abstract is one thing; its efficiency is another. ^ It should be 
borne in mind that the lower circumferential sections of the 
tubes are of somewhat diminished value for the purposes of 
steam generation. Not only has the generated steam com¬ 
parative difficulty in escaping from the outer and under 
sides of,the tubes, but such generation is still further ham¬ 
pered by the deposit of soot and ashes which occurs on the' 
inner side of the same sections of the horizontal tube sur¬ 
faces, a specially brisk chimney draught being desirable in 
connection with the use of boilers of this class, in order to 
minimise this last contingency. 

Class 3 (water-tube boilers) comprises boilers which 
possess characteristics totally different from those dis¬ 
tinguishing either of the two foregoing types. In the case 
of Class 2, the hot gases, as just explained, pass through 
the numerous tubes which are surrounded by water. In 
the case of Class 3 this arrangement, or system, is reversed, 
and the tubes are surrounded by the flames and gases, while 
the water is contained within the tubes themselves. The 
water-tube boiler, as considered under this classification, 
is in no sense a shell boiler. Broadly speaking, it is an 
extensive collection of water-tubes of small diameter which. 
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on sugar estates may be rouglily divided into three 
classes:— 

(1) Tank, or shell boilers. 

(2) Fire-tube boilers. 

(3) Water-tube boilers. 

Class 1 comprises the many varieties of cylindrical 
boilers, of a more or less comparatively simple type, which 
are generally used in connection with coal fuel. Their 
external form in most cases virtually assumes that of a 
plain cylinder with flat ends. Internally they may be con- 
sfructed with a great variety of modifications, which have 
for their object the efficient transmission of heat t,o the 
centained wSter, the latter being present in considerable 
bulk; and the various fuit her ends they are designed to meet 
are as to strength, durability, size and weight, saving of 
labour and material, and improvement oi water circulation, 
coupled with facilities lor e.xamination, cleaning, and 
repairs. When coal has to be used in a sugar factory, 
various forms of these steam generators are usually em¬ 
ployed in connection with its consumption, although, even 
for this description of fuel, watcr-t.ube boilers have already 
been occasionally adopted. Tn one sense, tank boilers are 
also fire-t ulje boilers, inasmuch as they contain one or more 
large-sized horizontal firing flues which are of considerable 
diameter. Within these flues and within the boundaries of 
the main shell the coal fire-grates are located, the balance 
of such flues serving as conduits for the products of com¬ 
bustion as they pass through the boiler. 

Class 2 (fire-tube boilers) comprises shell boilers of a 
comparatively limited number of types. Tn fact, so far as 
sugar estates are concerned, it may be said to have reference 
to one particular form of multitubular boiler. In such a 
steam generator the coal or megass furnace is located 
wholly outside the boiler shell, and the one or two fire-tubes 
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minimised, owing to the introduction of the vacuum pan,« 
or abandoned, owing to the ushering in of the multiple- 
effect evaporator, these fire-tube boilers are usually in¬ 
stalled somewhat as above, with variations of the furnace 
and setting, according fo local preferences. At the present 
day modern sugar factories of the highest standing are 
supplied with steam raised in boilers of this description 
alone. 



Fit!. 213 — view of a multitubular boiler. 


During the period of complete transition from the older 
to the newer processes a practice was temporarily in vogue 
of employing a considerable variety of steam generators, 
and in those days the boiler-house of a sugar factory 
frequently contained a curious and interesting conglomera- 
• tion of types awaiting the survival of the fittest. Com¬ 
pound Lancashire and multitubular, compound Cornish and 
multitubular, and compound Galloway boilers were all 
tried, to say nothing of the simpler forms of tank boilers 
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—Cornish, Lancashire, and Galloway—and Dry-bac 
generators. In the midst of these onh generator moi 
jspecially proved itself to be a great convenience, as we 
as an efficient steam raiser in connection with the use < 
megass fuel. It is shown in Fig. 215. In this oonnectic 
it may be observed that whilst the specific gravity of co: 
ash may be taken approximately as standing at abo\ 
1-73 and over, similar figures for megass ashes stand i 
about 1-05 and under, a circumstance and difference whk 
accounts for the very considerable distances to which tl 
latter are swept away by the chimney draught. In tl 
case of multitubular or fire-tulx; boilers, as already observe 
they frequently lodge within and choke the comparative’ 
long and harrow tubes, thus necessitating the duty ar 
the labour of regularly sponging the latter at stated interva 
of about twelve hours, a task which entails considerab 
time, effort, and very careful supervision, more especially 
these boilers are to be maintained at their maximu 
effideucy. In the case of the wood-burning' Gallowi 
boilers '(Fig. 215), owing to the spacious flue-passag 
winding among the short-coned and vertical water-tube 
and the characteristic contour of the latter, the light as 
is so effectually swept away throughout the boiler and i 
adjacent flues that a generator of this type can be us( 
without intermission, throughout, an entire crop, and mai 
tain a fairly uniform efficiency from the beginning to end 
the campaign without cleaning. In using these boilers 
conjunction with megass fuel, the products of combusti( 
may either pass first along the bottom of the shell and tlu 
through the tube (ffiamber; or they may first enter the tul 
chamber, proceeding thence along the sides of the generat 
and under the bottom to the chimney flue. 

It will not, in this work, be necessary in dealing with tl 
subject of water-tube boilers to do more than call tl 
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attention of the reader to tlie leading types of these genera¬ 
tors which have either come into pretty general use or may 
■commend themselves to the careful consideration of colonial 
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steam users. Suffice it in passing to say that to impart 
the heat from the furnace gases to the boiler heating surfaces 
a brisk gas circulation is very necessary, while a corre¬ 
spondingly brisk water circulation is equally essential to 
transfer the heat from the plates to the water. In all types 
of boiler every care is supposed to be taken to ensure the 
best water circulation obtainable, and so well is the im¬ 
portance of this point realised that in many cases artificial 
means of .circulation have been tried. Certain types of 
water-tube boilers appear intrinsically to offer decided 
advantagesforsatisfyingtheabove-mentioned requirements, 
and the bulk of the heating surface is formed of very thin 
plates, (!oflpled with a considerable subdivision of the water 
contents of the generator. They are, therefore, very rapid 
steam raisers, and have likewise shown themselves to be 
very economical of fuel. In those sugar factories which 
are shut down for some nine hours every night of the 
campaign, the rapidity with which steam may be raised in a 
morning, through the use of these generators, is a factor of 
the greatest importance. Furthermore, the manner in 
which water-tube boilers are constructed, and the charac¬ 
teristic form of the majority of the “ settings ” within 
which they ar# installed, offer additional advantages which 
promote the prompt resumption of the work of the factory 
each morning. Such installations, as described above, may 
be regarded as a collection of numerous water-tubes of small 
diameter and of correspondingly thin metal plates, enclosed 
in a capacious refractory chamber with walls of consider¬ 
able thickness, which themselves form effective storage 
reservoirs of heat accumulating during the day’s work. 
No thick shell plates intervene between this setting and the 
tubes, and throughout the night the regenerative action of 
the hot brickwork upon the tubes and’their contained water 
usually guarantees the maintenance of considerable steam 
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pressures in the boiler until the morning, thus still further 
ensuring the prompt restarting of the factory where con¬ 
tinuous night and day work is not carried out. The trans¬ 
mission of heat from the products of combustion to the 
contained water in the boiler being not merely proportional 
to the temperature difference and inversely proportional 
to the plate thickness, but also depending upon the rate of 
circulation, it is not surprising to find that the introduction 
of the use of water-tube boilers into a sugar factory almost 
invariably promotes considerable fuel economy, and helps 
in a very striking manner towards the attainment of the 
abolition of the use of extraneous fuel to supplement the 
megass. This group of advantages explains why this class 
of boiler is steadily asserting itself, and is coming more 
and more into general use in aril modern sugar factories. 
It is now necessary to notice the more suitable forms of 
generators of this kind which are available at the present 
day for pch service. 

Water-tube boilers are empirically separable into two 
main divisions; those which have their tubes fixed more 
nearly in a horizontal position, and those which have the 
same members placed more nearly in a vertical position. 
Both these divisions include generators constructed in some 
cases with straight and in others with curved tubes. Other 
conditions being equal, the straight tubes facilitate inspec¬ 
tion and the rapid replacement of damaged units, more 
especially when the latter are of uniform length throughout 
the generator; the bent tubes promote simplicity of con¬ 
struction, and in extreme cases lend themselves more or 
less to the exigencies of unequal expansion and contraction. 
•The advantages due to the more efficient transmission of 
heat through the thinner metallic heating surfaces are 
common to both types, and the benefits accruing from 
a brisk gas and water circulation have to be borne carefully 
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a steam producer whicli was probably tbe earliest form of 
a modem water-tube boiler ever used upon a sugar estate. 
Fig. 216 shows yet another method of firing this apparatus 
with megass fuel, and illustrates the importance attached, 
as already mentioned, to complete combustion of the fuel 
before its products reach the boiler.' This generator is so 
well known that if is unnecessary to enter into any detailed 
description of the characteristics of its form and construc¬ 
tion. The illustrations already referred to are a sufficient 
exposition of the latter, serving as they do at the same time 
to explain the manner in which it is installed in its refractory 
chamber and the proper application of any form of megass 
furnace to boilers of this class. 

Fig. 217 explains another type of boiler which of late 
years has come largely into use in'sugar factories. It is in 
striking contrast to its predecessor, having curved tubes 
of varying length in place of straight tubes of uniform 
dmiensions, and the bulk of its heating surfaces likewise 
stand in divided sections, and are placed in an almost 
vertical position. The chief object of this position and 
division is to attain as brisk and well defined a water 
circulation as possible, at the same tune minimising the 
possibility of the lodgment of soot and ashes upon the 
exterior surfaces of the tubes, and the accumulation of scale 
and sediment within them. The curvature of the tubes, 
which is confined to a upiform radius throughout the boiler, 
promotes simplicity of construction, reducing the number 
of steam and water drums otherwise necessary, and avoiding 
any “ crossing ” of the drum-plates. Thus, any advantages 
due to the subdivision of the chief portion of the heating 
surface into four banks of tubes are obtained by the associa¬ 
tion of five uncressed drums, instead of eight crossed 
drums, which would be required with straight tubes. The 
larger-sized units of this generator usually require consider- 
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able head-room, and the brick walls^of its refractory 
chamber-setting are, when compared with those of its pre¬ 
decessor, frequently of considerable height, necessitating 
increased thickness, coupled, in some cases possibly, with 
a slightly increased cost of instalment. Nevertheless, this 
apparent primary disadvantage ultimately constitutes one 
of the chief conveniences in the everyday work of the 


Kio. 217.—^Wator-tubo boiler, with ourved-tubed beating surfaceB placed 
moro nearly in a vertical position. 



generator, owing to the increased regenerative action of the 
boiler-setting, the importance of which has already been 
pointed out in connection with sugar factories worked 
intermittently. Fig. 206 has already shown this well- 
known steam raiser completely installed in its brickwork 
chamber, and the manner in which the megass furnace is 
attached to it. It also demonstrates the numerous “ ac¬ 
cess ” and “ sooting ” doors, which are invariably fixed in 
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Fi«. 218.—Wftter-tnbc boiler, littol with »traipht-tubed hoating surfaces placed 
moro nearly in a vertical poHilioii. 
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the walls of the refractory setting, to facilitate examination, 
cleaning, and repairing of the tubes and flues. 

This is not the place in which to discuss the respective 
merits of straight and bent tubes. Both sides of the 
question have been ably argued, and both forms have 
their warm advocates; and the controversy has too fre¬ 
quently been conducted v5th a ferocity which has spared 
neither opinions nor reputations, and has tended to smother 
a proper sense of the true proportion of the fitness of things. 
This never-ending discussion has led to the design, con¬ 
struction, and frequent use of a class of steam generator 
which seeks to meet the views and requirements of those of 
the disputants who prefer that the boiler heating surfaces 
shall be as straight, and be placed as vertically, as possible. 
Figs. 218 and 219 set forth the salient features of one t)q)e 
of this class of boiler. It is, in general effect, a collection 
of straight tubes in association with crossed and more 
numerous drums, in place of fewer uncrossed drums and 
bent, tubes; and in the case of the example now under con¬ 
sideration six drums are required for three banks of tubes. 
Fig. 218 shows the main constructional features of this 
generator. The cressing of the drum tube-plate is clearly 
seen, and a consultation of the next illustration. Fig. 219, 
will explain how the tubes are “ nested ” in adjacent 
groups instead of being placed in continuous straight rows. 
It will be noticed that in the top plate of each of the upper 
drums, directly above each nest, a suitably sized man-hole 
door is fixed, which, when removed, enables an inspection 
of the interior of every tube to be made conveniently, or 
permits of the ready removal and replacement of a defective 
member. As is usual with all generators of this class, the 
Iwiler stands supported by independent framing, and can 
be erected and hydraulically tested before any of the sur¬ 
rounding brickwork is built. Fig. 220 shows the boiler 
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standing within its refractory setting, to the right hand of 
which would be located one of the usual megass. furnaces 




Fio. 219.—Sectional and external jdan-views of the waier-tnbo boiler 
shown in Fig. 218. 


already described in the earlier portions of this chapter. 
The details, conditions of construction, and general 
characteristics of such setting are practically the same- 
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» as those referred to in connection wkh the previous 
example. 
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Another boiler of the type with straight “ nested ” 
■tubes is shown in Fig. 221. So far as the “ nesting ” of the 
tulxjs and the facilities for the examination, removal, and 

27 


in its refractory brickwork Betting. 
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Fifi. 22!.- Water-tulw boiler, iUted vulh straijrbldiibed lieatiiiji surfaces associated, 
■wiili headers ” lyin^:, at the same hk^H! nearly vei-tieal angle as the lubes. 

replacement of defect ive units arc concerned, ttis generator 
bears a close resemblance to those which have just been 
described. It embodies, however, a very distinctive 
. feature, each nest of tubes being furnished with two short 
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and separate cylindrical steam and water drums, the centre 
lines of which lie at the same angle as thf tubes by which 
they are connected. Several of these cylinders or “ heads',” 
placed side by side, and coupled to each other by means 
of short pipes, thus take the place of each of the larger 



Fio. 222.--'Sectional sitli* clcvaliuii of tUo Ntraijilit-tubod walor.tubc boiler seen 
* in the precedinij dlustrallou, with Kiiperhcater lixt'd between tlie tluid and 
fourth banks of tubes. 

horizontal drutiis placed, in some of the other boilers, at 
right angles to t he boiler tul)e,s. Fig. 222 shows a generator 
of this description installed, as usual, within its non-con¬ 
ducting setting, and explains the path which the products of 
combustion take in their passage through the boiler, besides 
delineating the manner in which these act upon the heating 
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surface. In Sll boilers of the more vertical tube type the 
hot gases usually first flash upwards and along the first 
bank of tubes, then downwaids along the second bank, and 
so on until they reach the flue leading to the chimney. 

Figs. 223 and 224 show yet another straight-tubed 
water-tube boiler, which combines the salient features dis- 



J‘io. 223 — Strttij<ht..tiil) 0 (l watfr.tul«* boiler, fittetl with tiiltes plat-ed in straiplit 
rows instead of nests. Siijs'ihcater shown in ]M>sition betwet'n the two front 
banks of tubes. 

tinguishing two diverse types already described. A special 
“ landing ” is formed })y cressing t he drum tube-plates for 
the reception of each of the tubes, any one of which, when 
required, can be withdrawn and replaced without the dis¬ 
turbance of sound units, no headroom above the upper 
drums being necessary for the purpose of tube renewals and 
removals. It will also be noticed that the tubes are not 
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nested, but are fixed in straight rows, •an arrangement 
which will appeal with considerable force to many experts. 
The foregoing observations which have been made with 
reference to the installation and working of previous 
boilers of this class apply ecpially and generally also to 



Fig. 224.—Cn)ss.8t‘(“ti<»n a-iifl front elevation of the wator-tubo boiler and super¬ 
heater hIiowii in the pixjeeding illustration. 

this particular generator, and it will be perceived that 
their setting and mode of operation are almost identical. 

Another type of water-tube boiler, which possesses 
special characteristic features, must now be noticed, as 
illustrating a class of steam generators which stand in a 
very distinctive group by themselves. The boiler proper 
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consists of a central vertical cylinder of considerable length, 
into whicli are fixed loop-like tubes of precisely uniform 



Krc. 22").—Sectional and external elevation <if a vertical Joop-tubed boiler. 


shape and dimensions, which extend throughout the major 
portion of the entire height of the generator, as seen in 
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Figs. 225 and 226. The curved tubes fqfm the principal 
portion of the heating surface, and a correct idea of the 
formation and disposition of them may he obtained by a 
careful examination of these illustrations. This system 
of tul)es is enclosed in an outer cylindrical iron casing, 
bolted together in sections and lined with special firebricks, 
such casing and its lining faking the place of, and perform¬ 
ing the functions fulfilled by, the rectangular settings just 



Fig. 22(1 —Sectional plan of the vertical loop-tubcd boiler shown in the preceding 
illustration 

described in connection with the water-tube boilers already 
noticed. This casing is, as usual, furnished with numerous 
access-doors which facilitate the periodical cleansing of the 
heating surfaces, as well as the prompt replacement of 
defective tulxi units. A cert ain proportion of the lient tubes 
and the central cylinder are filled with water, and the heated 
products of combustion, first entering the lower end of 
the outer casing, pass upwards through the mass of tubes 
direct to the chimney which is placed at the upper end 




421 


THE MANUFACTURE OF CANE SUGAR 


of the external shell. Fig. 227 shows how two or more of , 
these boilers may with advantage be worked in conjunction 
with one large furnace, the latter being approximately 
of the type of oven shown in Fig. 210. 

A predecessor of this generator, aptly known as the 
Porcupine boiler, has also been very successfully used on 



Fiu. 227—"IVo vurUcal loop-tulK’d iKMlorw worK(“d in coiinoctidn willi Mic name 
fnrnat'o. 

sugar estates, and in its case the curved tubes, us above, 
were forestalled by very numerous and straight radial tubes 
of short length, as seen in Fig. 228. The outer ends of t hese 
tubes are closed, the inner and open ends, fixed in the central 
cylinder, having a free and full coiinect ion with the water 
contained in the latter. These units are enclosed in an outer 
refractory casing, or an iron and brick-lined shell, fitted in 
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the customary manner with a full complement of access- 
doors for the purposes of cleaning and repairs, tiie general 
outward appearance and working conditions of this boiler 
being very similar to those of the loop-tubed generator just 
described. 

The more prominent types of steam generators ap¬ 
plicable to the special requirements of a sugar estate, 


together with their special forms 
of external oven furnaces, have 
now been sufficiently described 
for the purpose of explaining their 
leading features. It only remains, 
therefore, *t,o offer a few remarks 
concerning Ihe particular class of 
fuel, the megass, which has lo be 
used in conjunction with them. 
This megass, as it is brought to 
the furnaces from the mills, con¬ 
sists practically of the whole of 
the fibre and woody matter of 
the cane in a finely-divided con¬ 
dition, together with such juice 
as has escaped expression by the 



Fig. 2’28.-^Parcupine boiler. 


mills. When maceration has been employed, there will 


also be a certain amount of outside water due to this 


process. 

The relative proportions of the constituents of megass 
depend naturally upon the nature of the mill work per¬ 
formed. For the sake of example two illustrations may be 
taken, the one (.4) in which dry double-crushing has been 
effected, and the other (b) in which full extraction by an 
eleven-roll mill plant with 20 per cent, maceration has been 
carried out, the cane in each instance being a normal cane 
with 12 per cent, fibre, as has been taken throughout in this 
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work. In these instances the composition of the megass 
may be somewhere in the nei^bourhood of:— 



A. 

B. 

Water. 

49 

52 

Sugar . 

n 

4 

Fibre . 

42 

42? 

Other organic inati.or and a'sh 

1|- 

n 


100 

100 


To give an entirely accurate figure for th^ fuel value 
of megass satisfactorily, by calculation, is not possible. 
Although the fibre of the cells has the same ultimate 
chemical composition as that of the vascular biyidles, there 
is great reason to believe that there is a difference in the 
fuel value under actual combustion. The fuel value of 
the fibre as a whole would, therefore, vary according to the 
relative proportions. Again, the nature of the mineral 
matter pfesent is an important factor in combustion. A 
megass which contains a large proportion of easily fusible 
salts, such as occurs with rank or immature canes, burns 
with difficulty on account of the fusion of the saline con¬ 
stituents clogging the fuel and interfering with the com¬ 
bustion of the fibre. Again, the physical cflndition of the 
megass has an important bearing on its fuel value—^the 
coarser the nature, the better being its form for combustion, 
A megass, therefore, which may present an apparently 
suitable chemical composition as regards water and fibre 
for a good heat supply, may yet, from either of the above 
causes, give disappointing furnace results. 

In calculating the fuel value of megass it is customary 
to take as a basis the thermal power of carbon in the form 
in which it exists in wood. Although recent experimental 
determinations of the heat value of pure cellulose and sugar 
give results somewhat higher than those thus calculated, 



STEAM GENERATION 


427 


it has been thought advisable to adhere to the former 
system, as the slightly lower results thus afforded are 
probably, for reasons already stated, more representative 
of the actual position. 

The gross calorific value of megass of the above com¬ 
position will therefore be ^ 

A, B. 

3142 tlicrmal units. 2!)11 thermal units. 

And whpn the heat required to evaporate the contained 
and associated water is deducted, as well as that which is 
lost in the waste gases, there remains available for steam¬ 
raising puij)oses 

A. B. 

2202 thermal units. 1940 thermal units. 

In this calculation no allowance is made for the com¬ 
bustion value of the small quantities of uncrystallisable 
sugar and other organic matters present, this being con¬ 
sidered .as compensating for loss by radiation. 

With feed water at 160° Fahr., and a boiler ptessure of 
80 lbs. on the square inch, there would thus be generated 
as the result of the combustion of 1 lb. of megass steam 
equivalent to the evaporation of 


A. B. 

2-10 lbs. water. 1-88 lbs. water. 

As has been already staged, the bare chemical analysis 
does not always indicate the fuel value of the megass. 
The above, however, may l)e taken as affording a fair in¬ 
dication of the quantity of steam which would be generated 
with perfect combustion. In practice, however, it is not 
advisable to aim at complete combustion of the carbon, as 
to do so a quantity of air has to be introduced which, by 
carrying away a greater amount of heat in the form of waste 
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gases, more than |;ounterbalances tlie advantage gained by 
complete oxidation of the carbon. What is aimed at, 
therefore, is so to adjust the air-supply as to have a mini¬ 
mum of carbonic oxide or incompletely oxidised carbon 
present, with as small as possible excess of air. This is 
generally obtained by Iceeping the air-supply rather below 
twice the quantity theoretically required. Owing, there¬ 
fore, to a small quantity of carbon not being, for economic 
reasons, completely burnt, the above figures, which are 
calculated on the basis of complete combustion are on the 
high side. On a working basis, results are usually obtained 
agreeing with the above figures after deducting 10 per cent, 
from them. 

The scientific control of the boiler-house occupies the 
chemist as well as the engineer. From time f o time joint 
observations have to be made as to what steam is being 
generated in relation to the quantity of megass used. In 
this connection the duty devolves on the engineer of ob¬ 
taining accurate records of the weight of megass and feed- 
water used, and of registering at regular intervals during 
the period of observation the steam pressures, the tempera¬ 
tures of furnace and flues, the amount of draught, direction 
of wind, and general atmospheric conditions—in fact, to 
make a note of any point bearing on the consideration of 
the results. To the chemist is assigned the analysis of the 
megass going to the furnace, wliich should include the esti¬ 
mation of the amount of crystallisable and uncrystallisable 
sugars, together with the proportion of fibre, water, other 
organic matter and salts, and of the Hue gases escaping up 
the chimney in regard to the oxygen, nitrogen, carbonic 
acjd, and carbonic oxide which they contain. 

The observation, which should extend over several 
hours, l)eing concluded, data for drawing up the following 
statement are obtained 
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Dr. 

Heat units in mcgasa going 
to furnace. 


I Cr. 

! Heat units In stcaijj gene¬ 
rated .. 

,, lost by imperfect 

combustion .. 
,, ,, lost by radiation, 

etc. 


The pro])ortion of tlie gross heat vahie of the niegass 
which is recovered in the form of steam varies l)etween 60 
and 70 per cent, according to the.proportion of water 
present, tlie lat ter being an important factor, as the amount 
of heat uiTit s carried away by t he vapour representing the 
water in the fuel is a heavy item. 

Too much stress cannot be laid on the value of systematic 
scientific control in connection with the boiler-house. 
Nowada 3 's, when canes of many diflerent descriptions'are 
cultivated on the same estate, there are enonnous variations 
in the fuel value of the megass, and a justifiable fuel account 
may exist which may be the cause of considerable un¬ 
necessary friction between manager and engineer. As 
already mentioned, the mere analysis of the megass is not 
sufficient^ to settle the point, and the only crucial test is the 
actual work being done by t he furnaces and boilers carefully 
considered in conjunction with the analj'sis of the particular 
class ofluel in use at a given time. Again, it may be found 
that the behaviour of the boiler range is satisfactory, and 
that a full amount of steam is being given for the quantity of 
megass used, thus indicating that the cause of high fuel 
consumption must be sought elsew'here. These arc special 
conditions which make the observations of value. But 
there is another and extremely important function wffiich 
they fulfil, viz., the control which they maintain over 
the efficiency of the boilers and furnaces, whereby any 
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deficiency in working can be at once ascertained and cor¬ 
rected. In this “Way, by frequent tests and continuous 
supervision, the last available pound of heat energy is 
obtained from the megass. 

As a conclusion to the above references to the subject 
of the generation of steam through the agency of megass 
fuel, it is very desirable once agab to emphasise the fact 
that theoretical calculations invariably show that as a 
general rale the megass fuel should suffice for the full re¬ 
quirements of an ample steam supply for any well-arranged 
up-to-date factory, though an excessive percentage of 
low-grade canes may, of course, upset the general ran of 
such calculations, whilst the presence of 10 per^cent. fibre 
in the canes should ensure satisfactory results so far as 
sugar manufacture proper is concerned. It is much easier 
to waste steam than to raise it, and there is little doubt 
that in many cases megass furnaces, so far as they them¬ 
selves are concerned, are already working with sufficient 
efficiency..to obviate the additional employment of extrane¬ 
ous fuel, although this much desired result does not actually 
accompany their efficient performances. The fact remains 
that the steam so carefully provided by the use of ever}- 
conceivable appliance, coupled with due supervision, is 
unwittingly wasted in the various factory processes. The 
heating of the cold juice, the maintenance of acquired 
temperatures, coupled with the requirements of the pro¬ 
cesses of clarification, concentration and crystallisation, 
afford wide opportunities for the careful prevention of the 
waste of direct steam, such waste l)eing the frequent cause of 
disappobtments which are often wrongly charged to the 
account of the work of the boiler-house. It is an important 
necessity to generate steam efficiently and economically; 
it is equally important to most carefully supervise its 
subsequent expenditure b the various factory processes; 
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and attention is again called to the remarks in Chapters III., 
V., VII. and X. that bear on this all-impbrtant subject. 

In certain of the more advanced sugar-producing 
centres “ economisers ” are used with excellent results. 
Fig. 228 a gives a sufficient idea of these well-known 
auxiliaries which economise through the utilisation of the 
waste heat of the flue gases on their way to the chimney, 
and constitute themselves a substantial and valuable ad¬ 
dition to the steam-producing capabilities of the boiler- 
house, more especially in cases in which a mechanical 
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draught is employed, when the concomitant employment 
of an econoitfiser should invariably be considered and 
adopted if possible. 

It will not be out of place at this stage to touch briefly 
upon the question of the electrification of sugar factories, 
and, nowadays, the distinctive terms “steam driven 
factory ” and “ electrically driven factory ” are con¬ 
stantly observed in connection with most industries. 

As a matter of actual fact, both these systems rely upon 
the use of steam as the fundamental agent in the perform¬ 
ance of the work of the entire factory, and in sugar manu¬ 
facture the megass coming from the cane-mills ought, in 
either case, to be the only fuel used. 
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Having employed this meg^s, as fuel, to the besi 
advantage, and having thus raised the maximum possible 
amount of steam in the boiler-house, the question arises 
as to the most advantageous disposal of this all-important 
steam-supply, in order to make absolutely sure that no 
extraneous fuel, other than megass, will have to be used foi 
steam-raising purposes. 

Turning attention for the ; moment to the steam 
requirements of any given sugar factory, we realise, in the 
first place, that the steam-supply to this faetpry may be 
considered under two sections: (a) The steam required to 
actuate the steam-engines, or electric generators, and (b) the 
steam necessary for the purposes of treating tl]e cane juice 
and manufacturing it into sugar; and, upon a further 
examination of these two divisions, we realise that the 
engines, or motors, will, according to circumstafaces, absorb 
about from 5 per cent, to 14 per cent, of the total available 
heat units, whilst the manufacturing section will use up the 
balance of the total steam-supply. 

This empirical division does not, however, exhaust all 
the surroundings of the question, for when stean'-engines 
are employed in place of electric motors, at least alrout 
three to four times as much steam-piping -has to be in¬ 
stalled in a “ steam driven factory ” as would lx; required 
in an “ electrically driven factory,” and the serious loss 
iue to radiation »f heat is intensified, to say nothing of the 
more obstructive and inconvenient character of these 
conduits as compared with the much simpler instafation 
af electric cables. At the ^me time it also becomes evident 
that the major portion of steam economy, due to the use 
Df electricity, is chiefly confined ta the surroundings of the 
minor section of the steam requirements of a sugar factory. 
Nevertheless, there is a reduction of the total factory manu¬ 
facturing expenses from economies in labour, lubricants, 
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and special conveniences, coupled with a certainty that a 
saving of steam may be effected by the use of electricity, 
owing to the decreased loss of heat through radiation and 
steam-condensation in connection with the steam-engine 
cylinders and the large amount of steam-piping installed 
throughout a steam-driven factory, as well as to the greater 
economy and efficiency fealised through the generation 
and employment of an electric current. 

In preparing the plans for a sugar factory, the principal 
requircmen^is that have first to be considered at the very 
outset are those relative to the question of the nianufacture 
itself, and these requirements will chiefly determine the 
general arj^ngement and outlay of the entire installa¬ 
tion which, at most, will be affected to but a slight 
extent should electric motors be used in preference 
to steam engines, and Plan 228 b illustrates these con¬ 
siderations. 

When electricity is employed, no high-pressure steam- 
main will enter the factory proper. This,‘in greatly re¬ 
duced proportions, will, in such case, be led instead to an 
adjacent power-house accommodating the dynamo and its 
attached steam-engine; and then a short range of exhaust- 
steam piping %ill convey the waste steam from this engine 
for u§e in adjacent juice heaters, in order to ensure maxi¬ 
mum steam economy. 

The evaporators and vacuum pans will be served with 
steam direct from the boiler-house at reduced pressures, and 
this single and much-curtailed range of piping, of com¬ 
paratively moderate proportions, is the only steam-pipe 
that will enter an electrified factory. 

In many cases in which the percentage of fibre in the 
canes is unusually low, owing to the probable presence of 
a large proportion of seedling canes, the employment of 
electricity may prove a turning-point, and be the best 
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means available ior the avoidanee of the use of extraneous 
fuel. 

Great attention is being paid at the present time to this 
question of electrification, and a large number of most 
interesting figures are being frequently published with 
reference to this important subject, and in the near future 
it is expected that it will be possible to present to the 
sugar-public well-established data concerning the per¬ 
formances of completely electrified modern factories that 
have established their anticipated superiority, and that 
have, from their very inception, been designed and con¬ 
structed to work throughout with the fullest possible 
assistance of an electric current. 



CHAPTER XII 

THE BY-PRODUCTS OF SUGAR 


In most industries, after the acquirement of the particular 
product th« securing of which is aimed at, a residue almost 
invariably remains which cannot be realised in the market¬ 
able form^assumed by the main object of such industries. 
In the case,of the manufacture of cane sugar, this residue, 
or offal-crop, as it is sometimes termed, is chiefly found 
in the molasses which is separated from the sugar crystals 
by the action of the centrifugals. At the same time the mud 
from the filter presses, the refuse from the distillery, as well 
as the megass ashes from the boiler furnaces, should not be 
disregarded. All of these substances may, in the first 
place, be utilised to a greater or lesser extent by their 
direct return to the land as manure. In this way some 
50 per cent, and upwards of the constituents of plftnt food, 
abstracted dufing the growth of the canes, may be returned 
to the cane-fields, and the productiveness of the latter 
maintained, over very considerable periods of time, inde¬ 
pendently of the application of extraneous manures. 

Another use to which molasses is sometimes put is 
augmentation of the fuel supply of the factory. It, how¬ 
ever, cannot be satisfactorily burnt by itself, as the con¬ 
tained salts are apt to fuse, and to form a cake long before 
complete combustion has been effected. It is therefore 
more generally utilised in megass furnaces, in conjunction 
with the megass, the molasses being sprayed on to the 
latter as it enters the furnace; -and in this manner 4-5 lbs. 
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of molasses, if efficiently burnt, arc found to do about as 
much wort as 1 lb. of coal. 

Great attention is, however, universally paid nowadays 
to the question of the manufacture of by-products with 
a view to promote the further profitable utilisation of 
manipulative remainders, and to place them upon the 
market in various forms, for different purposes, thereby 
increasing the remunerative results obtained from any given 
process. In this direction the manufacture of alcohol, 
in the well-known form of rum, occupies, and has long 
held, a prominent position. This by-product has been in 
evidence from the earliest, times of the West In<J.ian sugaf, 
industry. From the necessarily imperfect manufacture 
resulting from the elementary appliances then in use in the 
sugar-boiling house, a considerable amount of the juice, 
in the form of molasses, skimmings, etc., remained after 
the sugar was made, and the manufacture of rum thus 
occupied ta very prominent position in the economy of a 
sugar estate. Not only was it shipped for consumption in 
the .Mother Country, but it also constituted the principal 
iirticle of drink in the country in which it was made. 
Gradually, however, as the processes of sugar manufacture 
improved, the amount and quality of the spirit made per 
ton of sugar diminished. It ceased to be the drink of the 
better classes in the country of origin, although it still 
remains that of the peasantry. In Jamaica, from economic 
reasons, it continues to be an extremely valuable and im¬ 
portant asset, and, in order that the old characteristics of 
thfi rum turned out there may be maintained, and a conse¬ 
quent high price secured, much of the juice' in the form of 
molasses and skimmings is devoted to this object, which in 
other sugar-making countries is utilised in the manufacture 
of sugar crystals. 

Although in some few instances rum distilleries are 
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institutions separate from the sugar factories, the distilla¬ 
tion of rum is, as a general rule, carried on as ,a part and 
parcel of the treatment of the cane, and goes on simul¬ 
taneously and in conjunction with sugar-making. 

The manufacture of rum is divided into two branches, 
fermentation and distillation, the first dealing with the 
transformation of the sugar of the molasses, etc., into 
alcohol, the second with the separation of the alcohol from 
the fermented liquor. 

As mentioned above, the products which are used in the 
manufacture of rum, save in the case of spirit of the 
Jamaica class, are molasses from which as much sugar as 
possible has been extracted, coupled with such washings 
of the factory vessels and appliances as cannot be utilised 
for sugar purposes. 

The transformation of sugar into alcohol is carried out 
by the agency of a microscopic vegetable organism, termed 
the yeast plant, belonging to the family of SaccJmomyces. 
A large number of varieties of yeast exist, each 8f which is 
supposed to have its special influence on the flavour of 
spirit. This difference in flavour, however, must be 
attributed to organisms associated with the ye^^t rather 
than to the yeast itself. It is worthy of remark in this 
connection that the yeast operating in the fermentation 
of high-flavoured Jamaica rums is of a distinctly different 
character to that observed in the manufacture of normal 
rum. 

Unlike the practice in temperate countries, where pre¬ 
pared yeast is added for each fennentation, in the manu¬ 
facture of rum, natural yeast, i.e. the yeast adhering to the 
cane plant or existent in the atmosphere, is utilised. The 
appearance which this yeast ordinarily shows in rum washes 
is seen in Fig. 229, where the small oval and circular cells 
of the normal yeast plant are seen. The plant as a rule 
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propagates by budding—^that is to say, as the plant grows 
a, bud appears on the parent cell, which eventually breaks 
ofi and starts a separate existence. •During the growth of 
the yeast plant the cane sugar is first of all converted into 
iincrystallisable sugar, and then into carbonic acid gas and 
alcohol. A considerable rise of temperature takes place 
iuring fermentation, varying with the rate of fermentation 



Fio. 229.—Microscopic appoaranu© of yoasl cells, showing also putrefactive 

bacteria. 

« 

and the size of the fermenting vessels. Starting with an, 
initial temperature of 84° Fahr., it is quite possible with the 
rapid fermentation and large fermenting vats of the 
Demerara method for a temperature of 110° Fahr. to be 
arrived at during the process. 

Although rum is alcohol, alcohol is not necessarily rum, 
the flavour of the latter product arising from the presence 
af bodies, known as ethers, which impart the distinctive 
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flavour, and considerably augment the stimulating pro¬ 
perties. These ethers are produced as‘the re^lt of the 
action of various bacteria, which operate at the same time 
as the yeasf,and give rise to various organic acids, such as 
acetic and butyric acid, which yield the corresponding 
“ compound ” ethers by their combination with alcohol. 
These bodies remain wM the spirit during distillation 
according to the degree of their original presence, and to 
the extent to which the spirit is purified in the process. As 
the bacteria which produce the distinctive flavouring 
bodies are associated with the conditions under which the 
sugar-cane is grown, the characteristic flavour of true rum 
is only obtained when the fermentation of molasses is 
carried on in sugar-cane countries. Putrefactive bacteria 
are also generally present, but their presence is objection¬ 
able, and they should be kept under as much as possible. 
Their microscopic appearance is also shown in Fig. 229. 

Fermentations are conducted in what are known as 
“ liquor-lofts ” or “wash-houses.” A typical sfhicturc is 
seen at'C, in Fig. 230, which gives a plant and elevation of 
a complete rum distillery. B is the wash-mixing tank, in 
which the liquor is prepared lor fermentation, ^t C are 
the thirty fetmenting vats, to which this wash is next 
transferred, via the pump H and the gutters It, and in 
which it ferments. D is the fermented wash suction tank, 
into which the wash runs, after fermentation, on its way 
to the still. S, S, are the gutters by means of which it has 
been conveyed from the vats to the tank. L and M are 
respectively the “ rectifier ” and “ analyser ” columns of 
the Coffey Still, to which the fennented wash next pro¬ 
ceeds via the pump K, and in which the process of distilla¬ 
tion is conducted. G is the “ refrigerating tank ” in which 
the alcoholic vapour is condensed as it passes from the 
Coffey Still to the “ safe ” N. A, A, are the spirit receivers. 
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in which the rum is stored until such time as it is drawn ofi 
into casks ior shipment. 0 and P are thfe steam boiler and 
its attached chimney, whence steam is procured for operat¬ 
ing the still and driving the various pumps us^ in the dis¬ 
tillery. E is the hot “ feints ” vdssel, and F the cold 
“ feiilts ” receiver, more precise reference to which will be 
made in due course. • 

The molasses, w^ashings, and water arfe run into the 
mixing cistern in the proper proportions, and thoroughly 
mixed, with the aid of the mechanical mixer shown there. 
By the careful adjustment of the supply of the several 
constituents, a constant density of 1-060 is obtained. This 
density has been generally adopted where dundbr, or the 
exhausted wash after distillation, is not used, as it is found 
to be the one which gives a maximum yiejd of alcohol in 
proportion to the sugar present, the larger proportion of 
spirit formed from wash of a greater sugar content than that 
corresponding to this density interfering with the growth 
and actioh of the yeast. 

The vats, w'hich have been carefully cleaned after the 
last charge, are then filled with the wash. In order to 
secure % sufficient degree of acidity to render the wash 
unsuited to the development of putrefactive bacteria, the 
absence of which from the wash is highly desirable, it is 
customary to add sulphuric acid in the proportion of some¬ 
where about one gallon of the strong acid to 1000 gallons of 
wash, and, where a rapid fermentation is aimed at, sulphate 
of ammonia to the extent of 10 lbs. per 1000 gallons is 
added. The presence of the ,two latter brings up the 
specific gravity of the wash to 1-0615. 

The wash is then left to ferment, which it does by the 
development of yeast acquired from the air or the vat, and 
in two or three days if sulphate of ammonia is used, or in 
seven or eight days if this agent is omitted, the alcoholic 
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fermentation is complete, and the contend of the vat begin 
to cool. Co-existent 'with the alcoholic feimentation 
bacterial action goes on, resultmg in the production of 
acetic, butyric, and other acids, which, by forming com¬ 
pounds with the alcohol—ethers, or “ esters ” as compound 
ethers are now termed—impart the necessary flavour to the 
alcohol when distilled. At this stage acetic acid fermenta¬ 
tion sets in rapidly, and unless the wash is promptly re¬ 
moved to the still considerable loss of spirit arises from this 
cause. this method of fermentation a rum is obtained 
which, although not possessing high ester contents, con¬ 
stitutes a clean and sound spirit. 

Anotlier system of fermentation is that used in the 
manufacture of high-class rum of the Jamaica type. This, 
so far as exported rum is concerned, is practically confined 
entirely to Jamaica. In it the production of sugar is 
sacrificed to the exigencies of the<cum manufacture. The 
molasses used is of high quality, and in addition a con¬ 
siderable amount of juice in the form of skinunings, and 
sometimes raw as it comes from the mill, is used. Dunder, 
or spent wash, is also utilised, the dead yeast in it, Apart 
from other considerations, contributing a considerable 
supply of nitingenous food for the growth of the fresh yeast. 
Fermentation is prolonged to encourage the production of 
butyric acid, the ferment of which is anaerobic, or light- 
abhorring . Thus the fermentation is conducted in the dark 
as much as possible, and every means taken to secure the 
development of the flavouring bacteria. The initial 
density of the wash is higher than with the precedmg pro¬ 
cess, the dunder present, 'per se, contributing largely to the 
non-sugar contents. 

• As already mentioned, a distinctive feature in the 
Jamaica “ washes ” is the presence of a kind of yeast which 
has not hitherto been noticed, elsewhere. The cell of this 



442 THE MANUFACTUEE OP CANE SlifOAE 

variety is elongated, and instead of propagating itself by 
budding, does so by “ fission ” or a splitting up of the 
cell. This variety is capable of growth in wash acid 
enough to put a stop to the development of the budding 
variety, and, as has been already pointed out, the flavour 
of rum depends upon the production of certain organic 
acids, this property is a powerful-factor in the manufacture 
of Jamaica rum. Further, butyric acid, which, in the form 
of butyric ether, plays an important part in rum flavour, is 



Fio. 231.—General view of a simple form of still. 


jxtremely antagonistic to yeast development, but much 
nore so to the bud variety than to the fission yeast. 

^ The fermentation of the wash having been completed, 
t is transferred to the still. A still consists primarily of 
;wo parts—a vessel in which the wash is heated, and a pipe 
urrounded by water connected with the top of the wash 
vessel, through which the distilled vapours pass and are 
sondensed. A simple process of this description, however, 
iroduces a spirit of extremely low strength. Fig. 231 
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shows an early form of such a still. In prder to raise the 
strength, redistillation has to be carried out, the weak spirit 
in this instance occupying the place of the wash. 

With the view of obtaining the stronger spirit in one 
distillation, a compound still is used, formed of two vessels 
or kettles. In this the “ goose-neck ” of the first leads 
into the bottom of the ^cond and smaller kettle. The 
wash is placed in the first body, and the low wines or weak 
spirit from the first distillation is added to the second. 
The alcohqi and vapour from the first vessel is condensed 
in the second, and in this way boil the contents which 
already contain alcohol. The vapour which first comes 
over from ^his is strongly alcoholic, and on being con¬ 
densed yields a strong spirit. This, termed “ high wines,” 
is collected in a special receiver, and as the spirit being 
distilled becomes weaker it is run oC into a separate vessel. 
When the last of the alcohol has been boiled out of the 
second vessel, a point which follows the exhaustion of the 
wash in the first, the distillation is stopped, the low wines 
thus obtained forming the charge of the second vessel in the 
next .distillation. The wash is generally heated by an 
open fire under the copper kettle, although steam»is some¬ 
times used. By duplicating the second vessel, or “ retort,” 
a rum of considerable strength can be turned out—upwards 
of 40° O.P. 

The double retort type of still is much used in Jamaica, 
and is shown in Fig. 232. The first and larger vessel is here 
seen mounted in a brickwork setting, which contains the 
fire-grate. The two succeeding and smaller vessels, or 
retorts, may stand, as shown, upon a timber framework, 
and the alcoholic vapour from the third and smallest vessel 
of the series passes through its attached “ goose-neck ” 
into the copper coil of the refrigerator vat or tank, where 
it is condensed by the cold water contained in it, the 



444 


THE MANUFACTURE OP CANE sWaR 

circulation being maintained by the admission of a con- 
tmuous stream of fresh water entering at the bottom of the 
tank, the heated water overflowing through the upper 
outlet. 

A modification of this form of stifl is in use in Demerara. 
In this (see Fig. 233) only one retort is used, the further 
rectification being carried out by means of a multitubular 
rectifier placed, on the top of the retort. The copper 
kettle also is usually replaced fey a stout greenheart vat, 



1*10. 232. Elevation of a put-8till, with double retorts, usod^in the manufacture 
of Jamaica rum. 


and the wash is heated by steam, either through the agency 
of a closed coiFos open jet. 

The vat, or kettle, having been charged with the wash, 
and the retort with the low wines from the previous dis¬ 
tillation, steam is turned on to the kettle. When the con¬ 
tents of the retort are raised to the boiling-point by the 
vapour coming over from the still, the comparatively weak 
alcoholic vapours thus produced rise through the rectifier 
tubes. Here their temperature is lowered by the cooling 
effect of the water in contact with the outside of the tubes of 















and multitubular rectifier. Kcirigerator tank shown in section. 
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the rectifier. This brings about a condensation of a con¬ 
siderable portion of the water vapour, which, having a con¬ 
densing point higher than that of alcohol vapour, falls back 
into the retort. The vapour, therefore, which passes on is 
much stronger in alcohol than the. vapour entering the 
rectifier, and, as it passes through the worm, is condensed, 
and flows from the delivery spout in the form of spirit. At 
the start the strength obtained is comparatively low, but 
it soon rises to 54° o.p. or thereabouts, gradually declining 
from this point. When the strength falls to abput 42° o.p. 
the spirit is cut, and its flow is diverted from the “ high 
wines ” receiver to the “ low wines ” receiver. When the 
spirit is extracted from both wash in the still and low wines 
in the retort, which is denoted by a sudden milky appearance 
in the flow and in the behaviour of the cutting bubble used 
for the purpose, steam is turned off and the operation con¬ 
cluded. This particular form of still may, if the “ kettle ” 
is of copper, and if more convenient, be workal by means 
of a fire ifl place of steam, as shown in Fig. 234. 

As in the manufacture of sugar, so also in that of rum, 
a certain amount of fuel, of some description or another, 
has to be consumed. When any of the forms of stills de¬ 
scribed above are used, this consumption may approxi¬ 
mately be set down as amounting,to some 10 cwts. of coal 
per 105 gallons of rum, standing at, say, 42° O.P. As it 
is desirable to kpep this fuel account within the lowest 
reasonable limits practicable, various devices are always 
being sought whereby such reduction can be secured. The 
alcoholic strength of the fermented wash, the exigencies of 
rum manufacture, and the importance of an unimpaired 
maintenance of the leading and most valued characteristics 
of the rum, have, however, a special bearing on this 
question. In earlier chapters on the concentration or 
evaporation of cane juice, the general treatment of all 
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questions of steam* or fuel economy of Ijjiis character has 
already been explained; and in the employment of. a simple 
rum still, such as is seen in Fig. 231, the fuel or steam used 



in the operation of it may be said to act as a single effect. 
This is evident from the circumstance that the whole of the 
vapour generated in the kettle is artiffcially condensed by 
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the action of cold, water circulating in the refrigerator tank, 
the heated overflow water from which runs to waste. I| is 
not, moreover, altogether safe, owing to the volatile nature 
of the fermented wash and the consequent danger of pre¬ 
mature dispersal of the spirit, to attetnpt to beat the latter 
on its way to the still by means of such overflow, or fey any 
immediate application of the 'vapour, unless the most 
stringent precautions are taken, the resultant complications 
connected with such safeguards virtually rendering attempts 
of this nature of doubtful advantage. When, Ijowever, the 
use of retorts is introduced, as seen in Figs. 232 and 233, 
an increased effect is immediately obtained. But to pro¬ 
mote a definite and considerable economy of fqe'l, on sound 
lines, combined with continuous in place of intermittent 
working of such apparatus, continuous stills of various kinds. 
have been designed and employed, and their use has ap¬ 
proximately reduced the above-mentioned coal account 
from 10 cwts. to some 6 cwts. per 105 gallons of rum 
produced. 

One of the best known and most origmal forms of con¬ 
tinuous apparatus is found in the Coffey Still, as s?en in 
Figs. 235 and 236. This still consists of two separate 
columns of considerable height, built up Tn a series of 
rectangular wooden frames resting one upon another, each 
series being jointed together and kept firmly in position by a 
sufficient number of vertical tie rods. The longer column 
to the right hand is known as the analyser, which may be 
said primarily to take the place of the large kettle of the 
pot-still. The second'or left-hand column is knowm as 
the rectifier, and this supplants the retorts and rectifiers 
of the earlier form of apparatus. Coffey Stills are ’also 
frequently constructed with copper frames,, and Fig. 237 
shows a plan and elevation of a still of this description. 
'Here A is the analyser; B, the rectifier; C, the overhead 
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vapour and feints ^condenser; D, the sgirits refrigerator; 
E^the hot feints receiver; P, the wash pump; Gj»the water 
pump; H, the spirit test case; K, the reducing valve; L, the 



Fia. 235.—General view of a com]riete Co0ey Still, built with weed frames, with 
its immediate accessori^. 

# 

steam stop valve controlling the steam-supply;and M,the 
cold feints receiver. The details of construction, mani¬ 
pulation, and control of this apparatus are exactly the same 
as those adopted in the case of the still made with wooden 

29 
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frames, and this particular illustration demonstrates the 
construction and working of Coliey Stilb, whether made 


« 



Fio. 330—Sectional diagram, in elevation, of the analyeet and reetiiie'r of a Coffer 

StiU. 

in wood or copper. Both the analyser and rwtifier colmims 
are divided into numerous, shallow chambers by the inter'' 





position ot copper# plates nxed Detwee^j tne OTnsecutive 
compartments. In the case of the analyser, these plates 
are perforated throughout with numerous holes of small 
diameter. They are each of them also fitted with a disc* 
valve, a vapour-sealing cup, and a dip pipe. The latter 
projects about an inch above each diaphragm, and some 
seven or eight inches bel(»w it, and dips into the vapour¬ 
sealing cup of the next lowest plate. (See Fig. 236.) 
These arrangements ensure the maintenance of a sufi&ciently 
thick film 0 ^ wash over the entire surface of each diaphragm, 
and in case the rising vapour is unable to force its way with 
sufficient velocity through the perforations and the super¬ 
imposed \fa8h, it can obtain a passage through the disc- 
valves. The diaphragms of the rectifier are for the most 
part of a similar character, and are fitted like those of the 
analyser, save that a certain number of the diaphragms 
in the upper chambers have no valves or perforations, and 
these divisions are separated from the lower chambers by 
unperforated copper sheets. This modification (Jhuses the 
alcoholic vapour throughout the final stages of its upward 
passage Amongst the coolest surfaces of the wash pijfe to 
proceed in a serpentine course, via large openings in the 
alternate end» of the consecutive and unperforated plates. 

The analyser and rectifier are connected together; first, 
by a large vapour pipe, which may be described as passing 
from the top of the analyser to the bottopi of the rectifier; 
secondly, by a small wash pipe which passes in a reverse 
direction, that is to say, from the bottom of the rectifier 
to the top of the analyser. This wash pipe is a continuous 
anS impervious connex;tion throughout its entire downward 
course from top to bottom of the rectifier, and winds in re¬ 
peated alternate directions throughout the chamber space 
of each frame,%kewi8e bending out and in again from one 
division to another, as seen in Figs. 236 and 237. It is 
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through the regulating valve at the up 5 »er end of this pip 
that the fermented wash is first introduced for treatmenl 
in the still. This cold liquid, therefore, follows* the set 
pentine course of the pipe throughout the rectifier, and 
acting through the medium of the pipe walls, partiallj 
condenses the rising vapours which pervade the chambei 
spaces, and is itself heated. Prtoceeding through the pip< 
continuation, from the bottom of the rectifier to the toj 
of the analyser, the heated wash is discharged over tht 
entire surface t)f the top diaphragm of the lattqf, and flows 
down this column from tray to tray, in a zigzag direction, 
passing down the dip pipes, which are placed, as shown 
and already explained, at alternate ends of^ftic plates, 
Ultimately reaching the bottom of the analyser, in the form 
of “ spent ” wash, it leaves the still via the right-hand 
bottom syphon pipe and runs to waste. 

While this movement of the wash has been in progress, 
a reverse series of operations has simultaneously been 
establishfed. Steam, at a suitable pressure, has been 
admitted into the bottom of the analyser, through the 
steatn-admission and reducing valves, seen in Fig, 237. 
It passer upwards through the perforations in the successive 
plates, and through the inch-thick layers of wash main¬ 
tained on the upper surface of each diaphragm by the 
projecting upper end of the dip pipe already described. 
The cups in which the lower ends of the dip pipe stand are 
always full of wash, and thus act as a seal, confining the 
passage of vapour to these perforations and the disc-valves. 
The steam in its passage through the wash deprives it of its 
contained alcohol as indicated above, and a mixed vapour of 
alcohol, water, and other volatile constituents leaves the 
analyser via the large vapour pipe, and is led into the 
bottom of the rectifier. Here, as this vapour comes into 
contact with the cool surfaces of the continuous wash pipe. 
















[54 


THE MANUFACTCEl OF CANE ^OAB 

ilready describe^, it is partially condensed, at the same 
iime heating the wash; and at this stage the,water vapour 
ind other bodies of a high boiling-point, as WelHas some 
ilcohol, condensed, are continually withdrawn thknigh the 
‘ hot feints ” syphon attached to the bottom of the 
rectifier. The alcohol, for the most part, condenses in the 
upper chambers of this column, and, falling down on to the 
' spirit plates,” is received and conveyed by a special pipe 
to the refrigerator, and thence to the spirit store. A pipe 
leading from the top of the rectifier takes a^y any re¬ 
maining and uncondensed vapour, which also passes 
through another refrigerator, and forms the “ cold femts,” 
both the hot and cold feints being subsequentl^&ixed with 
the succeeding wash for re-distillation. The proportions 
af the still are so calculated that, in conjunction with a 
proper regulation of the steam and wash supplies, the 
temperature of the wash when it leaves the rectifier will 
usually stand at from 190° to 200° Pahr., and as it subse¬ 
quently fhlls through the analyser it is, as already mentioned, 
completely exhausted of all spirit. So, too, the vapour 
passing over from the analyser to the rectifier will stand at 
a, tempeirature of about 210° Pahr. 

This form of still should be worked as tiniformly and 
continuously as possible, and may be controlled either by 
the regulation of the wash or the steam-supply, the latter 
method being piore usually preferred. An excessive 
temperature will cause the alcohol vapour to escape in 
undue quantities through the cold feints pipe, simull^fi- 
neously retarding the condensation of watery vapour, 
a resultant weak spirit, while a low teinperature permits 
too much alcohol to condense below the spi^ plate, thus 
increasing the quantity of hot feints. In thMaanufactute 
of rum these undesirable alternatives are feefc^voided by 
maintaining a temperature of about 17S° fair, in thq 
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vapour spa^ce of second or thW sections above the 
spirit plate, »ooisffiponding to a spirit s&ength^ rum of 
i8° to 50° strength of the spirit escaping from 

the still At toy rnoinent is ascertained by the use of the ‘ 
sustomary glass bubbles, whi6h rise or fall as the spirit 
becomes weak or strong; and, as a further guide, thermo¬ 
meters are fixed in conmunication.with the interior of 
various sections of the still. Various points of a more 
technical nature need sot here be noticed; but it will be 
perceived that the hot vapour .from the boiling wash 
has been used to heat the incoriiing cold wash, instead 
of ifs heat being wasted as in the case of the simpler 
forms of J)ot-still; and that by the above arrangements a 
considerable economy of steam, and therefore of fuel, has 
been effected, as noted at the beginning of this description 
of a continuous still. This apparatu s is not only economical 
of fuel, but also of water, and it will continuously produce 
a strong spirit, coupled with a complete exhaustion of the 
wash. t 

Fig. 238 shows another form of continuous still of 
modern design. It consists of one column, comprising the 
large still-kettle A, upon which stands the analping and 
rectifying column B. This is supplemented by the two 
rectifying wash heaters C and D, which, as their designation 
implies, not only promote the rectification of the spirit, but 
likewise heat the wash as it passes su^ssively through 
the tubes of these vessels on its way to the column B. It 
will likewise be noticed that the finished spirit is finally 
^ndensed in the refrigerator or condenser E. The cold and 
f^lmented wash is elevated to the overhead wash tank by 
the pump fs^en in the illustration, whence it runs into the 
first wash h^ter D. Here it receives a certain amount of 
heat fronx^'alcoholic vapours passing through the body 
of the hei^r. It next passes.into the second vessel C, in 
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Fra. 238.—^Front elevation of a special form of patent oontma(W steam stfll, with 
large still-kettle, or steam-chamber, surmounted by a distilung and reotifying 
column, and fitted with rectifying wash-heaters and spirit separators. 
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which a • furtheJ* degree of 
temperature is reached, the 
behaviffur of both the wash 
and vapour in C being pre- 
3isely similar to that described 
in connection with D. The 
wash now proceeds to the 
rectifier and analyser column 
B, and is delivered o» to the 
upper siyrface of the top 
diaphragm of this column. 

Fig.*239 gives a sectional plan 
and elevation of the latter, 

from which it will be seen 

* 

that the wash, through the 
action of a central, shallow, 
vertical division plate in each 
chamber, is made to travel 
in a double direction over 
the entire surface of each 
diap^hragm at a stream depth 
of about an inch of liquid, 
such depth 4)eing maintained 
by a corresponding projection 
of each dip pipe above the 
upper surface of each plate. 

During such passage it is acted 
upon by the ascending vapour, 
which rises from the next 
lowest compartment into the 

small steam domes attached coimn shown in the previous 

lilnetration. 

to the upper side of each 

diaphragm, and escapes, through the wash, around the 
lower circumferential edge of each dome. The wash 
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descends stage b)r stage througli the ipnerous and suc¬ 
cessive chambers of the column till it is entirely 
exhausted of spirit. While this downward mcw^einent 
of the descending fluids proceeds, an upw^d va^ur 
current is established by the admfesion of steam into 
the body of the kettle A (Fig. 238), which receives the 
“ spent ” wash. This rising vapour passes through the 
successive chambers of the column, depriving the descend¬ 
ing wash of its contained alcohol, and the vapour of alcohol, 
water, and other volatile.constituents leaves the^top of the 
column and passes through C and D, the hot feints from 
these vessels being returned direct to the still column 
through specially arranged connections. Finally,“the spirit 
is condensed in the refrigerator E, and a good qudity of rum 
is obtained, free from impurities, and still retaining its 
aroma and flavour. 

Rum as it comes from the still consists of alcohol, 
together with the following bodies in varying propor¬ 
tions :— * 


. Aldehyde. 
Acetic ether. 
Bu^io ether. 
Propionic ether. 


Furfurol. 

Amylicand | • 

niglier alcohols J 
Water. ® 


Of these, the distinctive flavour of rum is due to acetic, 
butyric, and prqpionic ether, especially the butyric. 
Acetic ether has not much flavour in itself, but forms 
frequently as much as 95 per cent, of the ether contents of 
the rum. In high-class rums the intense pine-apple 
flavour of butyric ether is distinctly noticeable, althou^ 
but a small |hroportion of this flavouring matter is generally 
present. Aldehyde helps to give the hot flavour tq new 
rum. This disappears as the aldehyde is gradi^UyoxieUsed 
01 "aged” into acetic acid, some of whici ultiojately 
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becomes acetic eybet. Fusel oil should not exist to any 
marked extent in rum. • 

Giwsn a wash of a certain ether content, the proportion 
of ethers i^ich appear in the rum will depend a good deal 
upon the strength at which the rum is run. If this J)e 
too high, the spirit will be wanting in flavour owing to some 
of the flavouring ethers being left behind. If it be too low, 
there is danger of fusel oil and products of relatively high 
boiling-point being introduced in objectionable amount. 
Gare is, therefore, taken to run the spirit at a maximum 
strength compatible with the maintenance of flavour. With 
pot-stills, as stills of the “ kettle ” type are called,^this 
desirable result is obtained by invariably cutting the 
rum when it falls to a certain strength. To this end small 
glass balloons, called bubbles, are employed. These are so 
weighted that they float in spirit of a certain density and 
under, sinking when the strength rises to a higher point. 
A sampling arrangement consists of a glass cup, so arranged 
that a small pipe connected with the discharge«of the con- 
densifig worm supplies a slow but continuous stream of the 
spirit to it. Directly the rising of the particular bubble 
denotes that the strength of the spirit has sugik to the 
“ cutting ” ^oint, the flow of spirit is diverted into the 
second receiver. 

With continuous Cofiey Stills, the steam and was! 
supplies having been roughly adjusted,^he flow of spirit a1 
constant strength can easily be secured by the use of £ 
thalpotassimeter, or thermometer in which the indication! 
ate obtained by means of the expansion of ether vapou 
operating on the needle of a dial, placed in the secom 
section of the rectifier abovethe spirit plate, ^'be tempera 
ture corresponding to the desired strength of outflow bein 
ascertainedfthe slightest opening or shutting of the spiri 
valT* regulating the outflow-will give the nefeessary fin 
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adjustment. A suitable strength for ooffitinuous-still rum 
is 48° O.P., ■ 

Rum as it comes from the still is colourless, and requires 
to be coloured before it is fit for the potable market. The 
colour which is used is made by converting the sucrose of the 
sugar or molasses into caramels by burning. This is 
usually done by placing the sugar or molasses to be burnt 
in a “ copper,” one of the iron tayches at one time used 
for open evaporation, together wibh sufficient water to 
allow of its being thoroughly mixed in the process. Fire is 
then applied, and the contents of the copper heated to the 
desired point. If a high degree of colour is desired, the 
burning has to be carried on to a degree just short of bharring, 
determined by the behaviour of a drop of the burnt colour 
when dropped into water. The ultimate point of a less 
highly burnt colour is decided by the length to which a small 
sample, a “ string,” can be drawn out without breaking. 
In either case the desired point having been obtained, the 
fire under the copper is quickly withdrawn and its contents 
cooled with water. These are then transferred to the rum 
store and mixed with spirit, the mixture being allowed to 
stand foi^some days to permit of any separated solid 
matter settling. The colour thus made, in the quantity 
necessary to give the requisite tint, is added to the un¬ 
coloured rum in the rum butts, and after standing for some 
days to settle, the qlear coloured rum is drawn ofi. 

The rum thus treated, which for practical purposes 
consisted, before colouring, of water and alcohol, now con¬ 
tains solid matter in solution, the caramels formed by the 
burning of the sugar. The strength of the rum can thejl- 
fore'no longM be determined with accuracy by t}ie Hydro- 
Wl^r. Before the colour was added, the specific gravity 
^ close indication of the percentage of spirit present., 
idlid iiubstance has now been added, heaVieir than 
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water as alcohol jp lighter, the use of the specific gravity 
bottle or hydrometer will indicate a lower percentage of 
alcohohthan the actual, in proportion to the amoimt of the 
solid matter added in the form of colour. In other words' 
some of the alcohol has been “ obscured ” by the coloiy, 
and the proportion of alcohol so obscured is termed the 
“ obscuration ” of the spirit. This is either expressed, as 
by the Customs in this country, in terms of the degree of 
proof obscured-, or in tetrms of the percentage of proof spirit 
obscured. Thus, if a spirit of 4^° o.p. becomes 42° o.p. 
by the hydrometer when coloured, the obscuration would be 
either 2° as expressed by the English Customs authorities, 
or ■ expressed in terms of proof spirit. 

Spirit of 4l° o.p. contains alcohol equivalent to 144 per cent, 
of proof spirit, proof spirit being determined as being com¬ 
posed of 57-0 per cent, absolute alcohol and 43'0 per cent, 
water by volume at 60° Fahr. When rums require to be 
heavily coloured and at the same time to have a less limit 
of obscuration, the colour has to be burnt to a high degree. 
Care, however, has to be taken that this has not been carried 
too far, as otherwise higher caramels are produced which 
cause “ faultiness ” or a turbid condition of the fum when 
the latter is»“ broken down ” or mixed with water. 

A frequent flaw in strong rums from a buyer’s point of 
view is what is known in the trade as “ faults.” These 
consist in the production of a turbjd appearance, on 
standing, when water in the proportion of about two parts 
of water to one of rum is added. This turbidity is produced 

by any of the following causes:— 

• 

1. Over-burnt colour. 

2. Extraction of resins from the casks. 

3. Presence of an undue amount of lower products froh?; 

the low wines. 

4. Hard water. 
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In recent times the question of ^he production of 
alcohol froei molasses for the manufacture of motor spirit 
to take the place of petrol has attracted considerable 
attention. For this the fermentation should be conducted 
the manner set forth earlier in these pages for the manu¬ 
facture of Demerara rum. But, unlike rum, alcohol for 
these purposes has to.be distilledtat a very high strength, 
66° over proof—equivalent to 96 per cent, by volume of 
pure alcohol—^being required. A continuous still, especially 
designed to deliver spirit of this strength, has to be em¬ 
ployed, and it is also important that it should produce 
spirit as “ silent ” as possible, being directly opposite in 
this respect to a still for rum manufacture. *■ 

Fig. 239 a shows a still well calculated to satisfy these 
requirements. It consists of a number of circular sections 
containing the concentrating plates. The ascending steam 
which enters at the lowest section of the boiling column 
passes through a number of circular holes in the plates, 
over which are mounted inverted cups or “ bells,” which 
are arranged so that the steam is distributed evenly in a 
fine spray through the liquid, which, entering at the^top 
of the bo^g column, descends and is collected on each 
concentrating tray. A tubular overflow is provided for 
the liquor in each section, the upper edge being arranged 
to ensure the correct mixing and flow of the steam and 
liquid. The over^j^w is carried down into the next section 
and sealed by the liquid to prevent any steam rising through 
the column without passmg through the liquid. 

In ord« to obtain the maximum heat economy a pre¬ 
heater is rtippiied^ arranged so that the incoming liquor 
raisgji in ta^erature by'means of the exhausted hot wash 
from the bo^g column, which arrangemt^ effects con*. 
siderable economy in the steam consumptidS. A steam 
regulator operating on a float principle is §]so supplied, 
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and this, to^tiber^with a liquor-control^ device, ensd!^ 
a steady ^d eonstant supply of steam and liquor, 
rendering the plant practically automatic in c^ra^on, anil 
calling for a minimum of attention and labouf. 

^ In working the still, the fermfetpd wash is taken to 
supply tank A, where it runs by gravity through the float 
regulating tank B, which maintams, by means of a regulat¬ 
ing device, a constant head and a re^ar flow of wash to 
the still. It is then fed into the preheater C, where it is 
heated by means of the exhausted hot waste liquor, and is 
then carried on through pipe D into the tOp portion of the 
boiling column E, where it flows down from plate to plate 
until it passes out as waste liquor at the foot of the ml iimn 
and into the preheater. ^ 

The steam is admitted into the boiling column E by 
means of the automatic stqam regulator F. The stes,m 
vapours rise through the descending flask and remove the 
alcohol in the form of vapour, which passes out at the top 
of the bofling column E through the vapour pipe 6 into 
the foot of the rectifying column H. The alcohol-bearing 
vapour is further concentrated in the rectifying column H, 
and is pprifled by having to pass through the returoing 
pure alcohol, which is condensed in the overhead rectifier J 
and condenser K. The impure alcohol which collects on 
the plates in the rectifying column H is returned to the 
boiling column E^through pipe L to be redistilled. The 
purified alcohol at the required strength passes over from 
the top of the rectifying column H throu^ pipe M into 
the coder N, and is drawn ofi through observation 
3, and run to receiver. The alcohol flow at thfe point 
mw all th# time, and is tested at this point'by' hy^ 
neters, ' ^ . , . ’ ■ 

The lighter vapours are run off from 1tonie4« M. 
iroagh aaeparati^ tester, whence a portikm 'ie/^tPMli.,' 
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io the top of the lectifying column; thp remainder being 
passed through an observation glass, tested* and run to a 
receiving tank. 

The heavier fusel oils are collected in the condensing 
bank P and are then run to a receiving vat, where they 
separate out and are drawn off and returned to the boiling 
column with the wash. * 

The scientific control of the distillery is conducted on 
very similar lines to that of the sugar factory, save that the 
microscopy plays an important part in the supervision. 
The sugar, represented by the mm made, is put against 
the quantity of sugar entering the distillery. While, 
however, fiythe case of the sugar manufacture the balance- 
sheet is drawn^ up in terms of crystallisable sugar, in the 
case of the distillery the glucose, or uncrystallisable sugar, 
forms an important item in the ac^counts, the spirit being 
produced from it just as nnudi as from cane sugar—in fact, 
the latter hsis to l)e converted into uncrystallisable sugar 
before it is ready for the splitting up process, ertgendered 
by the 5^east plant, which results in alcohol. It is therefore 
convenient to express the whole of the sugar going to' the 
distillery, in the form of molasses and washing#, as un¬ 
crystallisable «ugar. This is done by adding ^\,th to the 
amount of cane sugar, and the debit side of the account will 
be made up of cane sugar-f .j\,th -h uncrystallisable sugar. 
The credit side will consist of the sugar, s^gain expressed as 
uncrystallisable sugar, equivalent to the spirit produced. 
One gallon of proof spirit at a temperature of 84° Fahr. is 
equivalent to 8-7 lbs. of glucose or uncrystallisable sugar, 
anS the amount of the latter corresponding to the ram 
made is thus readily obtainable. The sources of loss are in 
fermentation, in the bottoms of the vats which do not go 
to the still, and in the actual distillation. When the rum 
is coloured an apparent loss of spirit occurs by virtue of the 
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obscuration, the, nature of which hti^ been already e? 
plained. « ' 

The balance-sheet of the distillery will, therefore, be t 


follows: - 
‘ Dk. 

Sufiiir, dealt with as ffliicose 


' Ce. 

I GI11C0.S0, equivalent to spirit 
Inade 

Lost in fpTinentatioii 
bottoms 

„ distillation .. 
ITnaceounted for i.. 


The loss in fermentation is found approximately b; 
utilising what is known as the attenuation of the wash, ix 
the nuinl)er of degrees of specific gravity which the wasl 
has lost during the process of fermentation. Thus, if thi 
original specific gravity of the wash when set up is 1-062 
and t he ffpecific gravity of the fermented wash, taken at tin 
same temperature, is 1-010, the attenuation would lx 
62°—10°=52°. As this lowering of gravity is the duec 
result of the production of alcohol, the extent of it is i 
direct measure of the quantity of alcohol produced, subjeci 
to some slight variation according to the amount of ethen 
formed during the process. With the fermentat ions wdiicl 
obtain in rum, l-QG gallons of proof spirit per five degrees oi 
attenuation per 100 gallons wash is a fair figure to take 
The above attenuation would, therefore, indicate - ^ JUi = 
11-024 gallons of proof spirit which can be expressed as 
uncrystallisable sugar, and the amount of this compared 
with the quantity in the wash set up. A more accurate 
manner, when opportunity affords, is actually to estimate 
the quantity of alcohol formed in each vat of wash by 
distillation in a laboratory still. The quantity of spirit 
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going to the still ii^ the form of wash being thus known, 
comparison with the amount yielded gives tTie’loss due to 
the still.* * 

In addition to the above records, frequent microscopic 
examinations of the- wash are made, and putrefactive* 
bacteria of all descriptions looked for. It is out of the 
question to obtain wash qViite free from these unwelcome 
visitors, but whenever their presence assumes aggressive 
proportions the'entire wash-loft and accessories require 
cleansing. , ' • * 

In no part of a cane-sugar factory is there so much 
pleasing sca)pe for the chemist as in the distillery. 
Constant so^irce is afforded of investigation, not. only on 
the dcvelopmeqt of the yeast plant itself, but also in the 
study of tile action of the bacilli which develop the im¬ 
portant characteristic flavours of rum. In fact, a distillery 
of any magnitude should have a chemist’s whole time 
devoted to it.. The problems which occur in tlie manu¬ 
facture of rum are many, and can only be thbroughly 
grappled with by constant scientific attention. 

'ri^e great importance of the manufacture of rum, which 
has just been described, cannot well lie overestimated in its 
relationship td the general economy of most sugar estates. 
Nevertheless, the considerable fluctuations of the rum 
market, and the necessity for limiting production, coupled 
with the undesirability of trusting entirely to the un¬ 
certainties of a single outlet, render the possibility of the 
utilisation of molasses in other ways an acceptable opening 
worthy of the consideration of sugar-planters. 

In tropical countries it is a well-known fact .that cattle 
greedily devour cane-sugar molasses. Its great value as a 
food accompaniment has thus long been recognised, and 
it may even be termed a condimentary food. It is not to be 
altogether regarded as a complete food in itself, but is an 
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excellent substance to mix in greater or lesser quantities 
with other nutriment. Not only is it rich in nutritive and 
force-giving material, but its excellent flavour*conduces 
largely to its appreciai.ive consumption by animals. It is 
_frec from the excessive saline matters which beet-sugar 
molasses contains, and from the objectionable smell and 
flavour of the latter, t'attle improve in appearance and 
fatten enormously on it, by reason of the large amount of 
carbohydrates—sugar—which it>-contains, and the same 
cause leads it'to be particularly suitable for usi^where great 
muscular work is required. 

Cane-sugar mohasses would long ago have been more 
largely used for cattle-feeding, in cold and“ temperate 
climates, were it not for the expensive and inconvenieirt. 
packages indispensable for its shipment and distribution, 
a watertight receptacle being necessary for its conveyance 
in its natural condition. Efforts have therefore been made 
from time to time to use various substan(;es as absorbents, 
so that the molasses can be economically and conveniently 
shipped, and readily handled in a comparati^{ely simple 
manner. While the use of the beet-sugar molasses has 
developed in the manufacture of a similar product in which 
the absorbent agent, is peat-moss, and of compound feeding- 
cakes and special mixtures, sugar-cane molasses has also 
been combined with the inner part or pith of the sugar 
cane, with a rice produce or debris resulting from the milling 
of the paddy or crude rice grain, and with tapioca refuse. 

The first of the above absorptive agents is the cellular 
portion of the cane itself, formed of a number of minute 
cells, obtained from the coarse megass by disintegrationland 
screening. The major portion of this substance is a 
digestible food in itself. It is likewise a powerful absorbent, 
and possesses the property of imbibing four times its own 
weight of molasses. This fact, however, is not altogether 
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surprising, when it ^ remembered that ^le cells of which 
this honey-combed ingredient is chiefly fonfled wiginally 
tield between ‘seven and eight times their weight of juice. 
The original juice is in reality, in this manufacture, re¬ 
placed in these cells by molasses; and a sufficiently dry 
meal known as “ Molascuit ” is thus obtained, which can 
be conveniently shipped in good condition. The following 
statement may be taken as a fairly approximate analysis 
of its composition: - • 


Sugars .. .. .. . .. 57-62 

^ Diffestible cellulose, etc. .. .. 13-22 

Tiuligestible fibre .. .. .. 5-91 

AMjinniuoids and nitrogen .. . . 2-31 

- Oil • . 0-23 

Ash .. 6-71 

Moisture .. .. .. . .. 14-00 


100-00 

The method of manufacture is comparatively simple. 
The finer portions of the megass are collected either by 
sifting through suitable screens, by utilising the consider¬ 
able quantities of fine megass which fall through the megass 
carriers, or by passing the coarser megass through a shredder 
or disintegrator. This fine megass usually contains some¬ 
where about 50 per (;ent. of water, and requires to be 
thoroughly dried by steam or fire-heat, after collection, 
before its full value as an absorbent can i)e obtained. If 
disintegrators are employed on the coarse megass, the 
latter must be dried before treatment in the machines; when 
the finer stuff is simply collected from the carriers and by 
siftmg, it is freed from moisture immediately before it is 
mixed with the molasses. 

I'igs. 240 and 241 show a very complete plant which is 
used for the manufacture of Molascuit meal from the coarser 
megass. In the employm'ent of this machinery, the megass 
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Flu. 240 Klovalion of a coiniilulu Molascuil plant, in conniM-lion witli wliK-li 
* tlisintcjiraiors an* usuil. 


is first brought by a suitable conveyer to tj'e steam drier, 
whence it next proceeds 1,o the disintegrator. After disin¬ 
tegration it is raised to the sifter by means of the elevator 
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seen in the .plans, and from the sifter the sorted megass dust 
gravitates to the mixer, in which it is amalgamated with 
the proper ptoportion of molasses. The latter, as it comes 
from the centrifugals, usually standing at a density of from 



38° to 40° lie., is loo tliin for satisfaclory work. Itr re¬ 
quires, therefore, to be furtber concentrated before it is in a 
suitable condition for this particular use. Sutli concentra¬ 
tion is effected in the vacuum pan, a density of about 
48° Be. being usually sought. The molasses and megass, 
having been prepared as -above, are thoroughly mixed, as 
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already mentioned, in the proportion of about 80 parts of 
molasses to ^0 «f nlegass; and it is a great advantage, with 
a view to securing satisfactory results,if both ingredients are 
as hot as is conveniently possible when mixed. Tliis viscous 
mixture is now laid out to cool arid dry, and the resultant 
sflgary granular meal, thus obtained, is subsequently packed 
in bags for shipment. . 

On estates where multiple crushuig is the practice, 
iisintegrators are not usually employed, the large quantities 
of megass dust, which fall from the carriers, as already 
mentioned, being relied upon as a sufficient supply. 
Fig. 242 shows another form of drier which can then be dsed 
with advantage. In its case heat is preferably supplied by 
bhe w'aste gases from the boiler furnace; again, the*apparatus' 
may be set with a small and independent fife-grate of its 
own, or be fitted with a steam-casing. It will also deal 
with the coarser megass on its way to the disintegrators 
when such machines arc employed. Theapparatus consists 
of a revolving drum fitted with a series of internal circum¬ 
ferential cojupartments placed within a brick (diamber. 
The W'aste gases are led into this clnindjer, and heat the 
drum. As the latter revolves, the fine megass (ontinuously 
falls in cascades from the top to the bottom; and, under the 
influence of the applied heat, gives up its contained 
moisture. Whilst the process of drying is in progress, the 
megass can be readily examined at any moment.; and when 
dry can be promptly and automatically removed by means 
of an adjustable deflector, which is an integral part of the 
machine. Once the latter is started it works continuously, 
and need not be stopped either for the purpose of charging 
or discharging its load. 

Another form of molasses cattle-food—“ Colco ”—; 
already referred to, is also manufactured. ln‘its case the 
absorbent is the debris resulting from the milling of the 
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paddy,” or crude^rice grain. I'his is not specially dried 
or disintegrated, as in the case of megass, befwe b^ing mixed 
with tha molasses. At the same time it does not absorb 



Fia. 242.—Kotary dfiur, for pn'paring the megasM for the maiiufaetuje of Molaseuit. 

so much molasses as megass, not more than 60 parts being 
present per 1(?0 of the finished product; but on the other 
hand it contains nutritive bodies belonging to the raw 
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product used. The general practice of the m.anufacture 
of this ci:^ttle-^oocl, though of a moSified and simpler 
character, is not altogether dissimilar from thatbf Molascuit. 
It has in view the same provision of a condimentary food 
for animals, whi(;h can be conveniently shipped and distri¬ 
buted, and it is unnecessary to enter into precise details of 
the manner of its production. The following figures furnish 
an approximate analysis of the composition of Colco:— 


Moisture .. 

.* .. ■ 12-4.‘5 

Oil ■ 

1-75 

Albuminoids 

3-8?) 

Carbohydrates .. 

.. 57-38 

Fibre 

.. 12-81^ 

Ash 

11-'J4* 

100-00 


In Java, in addition to tliiit of rice and coco-nut, ta])ioca 
refuse is mixed with the molasses, and a similar form of 
cattle-food is thus obtained. By means of ((acli one of the 
a})ove prcx-esses, the molasses is embodied in such a. form 
as enables it to be shipjKul profitably and with ease.' This 
highly valuable food product is thus brought to the (loors 
of the home fariuers, st ock-breeelers, and horse-owners in a 
most convenient form for distribution and us*?., at. a com¬ 
paratively moderate cost. The value of such commodit ies 
in cold and teniperate climates, during the winter inojiths 
when fodder is scijrce, cannot be overestimated. 

Another possible by-prodiud,, which has attracted some 
attention from time to time,is paper manufactured from 
megass. Although it has been i)roved that pajjcr of good 
quality can thus be made, it has yet t.o b(? shown t hat it can 
be done so generally at a profit.. In any case such manu¬ 
facture must necessarily be confined to t.hose localities 
where there is an abundant supply of good and pure water, 
with fuel which could take the pla6e of the megass. 





Fio. 243.—A cane sugar factory in Cuba. 
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Another of the by-products of the^ manufacture of 
sugar from the sugar cane is wax. This is contained in 
the rind of the cane and is accountable for the' “ bbom ” 
which characterises the appearance of some varieties. 
In the course of the milling, a large proportion finds its 
way into the juice, where it remains in suspension until 
carried down by the impurities separated in clarification, 
ultimately finding its way into the filter press cake, which 
contains from 10 per cent, to 16 per cent, of the crude wax. 

The recovery of the wax is not carried out commercially 
to any extent, but several processes have been advanced 
for the purpose. In the few instances, however, in which 
it is done, the filter cake is dried and powdered. It is 
then extracted with hot benzene, and the extract filtered ' 
from the residue. The benzene is then either distilled 
off from the wax, or the hot extract is allowed to cool, 
when the greater part of the wax is deposited and separated 
by filtration. In either case the benzene is again used for 
extraction. 

The crude wax thus obtained contains from 30 per cent, 
to 50 per cent, of pure wax, which resembles the wax 
recovered from the Carnauba palm. It is sold in the crude 
state to wax refiners. 

Potash, recovered either from the molasses or from 
the lees of the distillery, also forms a by-product which 
is attracting the attention of cane sugar producers. 

This account of the manufacture of cane sugar and its 
by-products is now .complete. An endeavour has been 
made to write it in a way which will, it is hoped, render it 
particularly serviceable to those who are not possessed of 
special technical training; but who, nevertheless, are 
desirous of ascertaining particulars of the machinery and 
processes used, with which they are brought into actual 
.contact, or in which they are directly orindirectly interested. • 
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Acoessobiks, mill. 37 el seq.. 112 
Acotio acid, 43!), 441,4.58 
Acidity of juice, 134, 138, 150, 153, 
l«3.' 108, 202 

Air-pumps, diy and wot, 303 
multijector, 313 

Alcjliol from mola.sscs, 437, 402 
Alumina, use of, 172 
Arrow, dropping of, 8 
•sowings from, 12 

Aapiilall evaporating pan. 213. 287 
Atavism, tendency of cane to, 4, 12 
Australia, centrifugals iiseil in, 351 

Ba<ih process of clarification, 171 
Jlagas.se. *S'ce Megass 
Halanco-sUoet.s, distillery, 400 
fiictory, 378 

Balling density. See Brix 
Baroijictri(t condensation. 300 
Beet sugar, evaporation msed for, 220 
Blatik Tanna cane, 12 
Boiler cleaning, 300 

*tube.s. straight or bent ? 415 
Boiler, effecd of air temiR-rature on, 
397 

types of, 391, 403 
Boiler-house, the, 378, 386 
control of, 429 

Bour evaporating pan, 218, 287 
Bourbon cane,11 

deterioration of, 12 
Bramah press, 49 
British Guiana rum, 438, 444, 462 
British Gulina, cane transport in, 
14 

• drainage in, 9 

juice from, 17.1 
Brix density, 369, 370 
Brocklehurst evaporating pan, 214 
Butyric acid, 441, 442, 468 
By-products ofteanc sugar, 436-476 

Oalandria pumps, 2.57 • . 

vacuum pan, 292-294 


Calandrias, 226,228.229,230,252-280 
pressure in. 232 
(!ane cultivation, methods of, 7 
origins of, 1 

Cane plant, description of, 1 
])ropagation, 4 

Ganc, general com])osition of, 10 
(lane-carriers described, 38-42, 87, 
89, 123 

('ano cutter, or splitter. 50, 57 
(lanes, diseased and immature, 130 
effect of their ripeness on the 
' juice, 133 

varieties of, 11 
Caramel isation, 218 
I Carbonatation, double, 146,169, 172. 
197, 230 

1 Carbonic acid, use of. 172 
Cani.iuba wax, 470 
[ (lentrifugals, double Installation of, 

! 3.52 

1 size of, 351 

I working of, 289, 337-350 

Chemical control, 360, 367-384, 428, 
407 

China clay. See Kaolin 
Clarification, 126, 130-173 
Clarification lor Bemerara yellow 
crystels, 159-169 
lor muscovado sugar, 137 
lor refining crystals, 137-159 
for white sugar, 169-173 
Clarification, ancient methods of. 135, 
198 

importance of, for concentration, 
237, 240 
objects of, 136 

temperatures required in, 139, 
146, 164, Ilf!, 163, 170, 172 
Clarifiers, heating of, 131, 139, 364 
minimum capacity of, 131 
rectangular, 140 
Climate for cultivation, 1 
Climbing-film multiple effect, 281-286 
Coal as fuel, 361, 403 
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Coal, brown, as filtering medium, 
184 

('oScy still, 43$,', 448. 459 
(loloo cattle food, 472 
(loinpressed air for mill-roller pres¬ 
sure, 52 

(ionccntration of juice, 197-286 
,, tom])crature required for, 299 
(k)neretor. evaporating plant, 297- 
299 

(londensor, 225. 236. 237, 24!. 399 
ft .ser/. See itho Baj'ometric, 
t'ounter Current, 'rorricellian 
Copper wall, 135, 137, 167, 168, 198- 
229. 388 

Coiintiu'-current condensci.s, 302, 308 
juice beater, 142 

Cmsliing. (See Kxtraetioii anil Mills. 
Crystallisation, 287-336 

at rc.st and in motion. 319-326, 
.328 

elTeet of .sulpliu rolls acid on, 163 
Crystallisers. introduetioii of, 319 
(Crystals, refining, elarilieation for. 
137-1.59 

Cuba, centrifugals used in, 351, 356 
Curing, hot and cold. 335. 336. ^4n(/ 
nee I’urg.ation. Centrifugal, Frac¬ 
tional 

Custi-eu.sli. 393 
elevator, /O 

Ciish-eush, straining of, 67-77. 126. 
127, 132 

“ Out ” method in crystallisation. 319 
Cuttings or seed propagation? 4 

Danck-l’hillippe filter. 193-195 
Defecator. See Clarilier 
Deinerara. See British Cniana 
Demerara yellow eiystals, clarifica¬ 
tion of. 159-169 

Deming sy.stcm of clarification, 151- 
1.56, 157 ‘ 

Dextrose, 133 
Diffusion, 16, 17, 190 

introduction of, into British 
Colonies, 101 

percentage of sugar obtained 
by, 102, 117. 129 
Dilution, 117, et’seq. 

Disintegrators, use of, 66-65, 472 
Dividing board of cane carrier, 38 
Drainage, 7, 9 
Draughts, furnace, 401 
Dunder, 441 

Dutch-oven furnaces, 394 


Earthquakes^ 398 
Economisersun boiling-house, a.ii 
Effects, double, ipiadniple, triple, etc. 

Se-e, Multijile-etfects ^ 

Effects, horizontal and vertical 
compared, 247-253 
triple, working of, 228-241. 25.3 
Electrie power in factory, 36,431-434 
Eliminator, meaning of. 154 
Eliminators, circular. 16.5 
‘rectangular. 165 

Eiigiiii'cring control, 3.59-367, 428 
Entrainment, avoidance of. 243, 291, 
296-399 
E.sters, 441 
Ethers. 439 

Eva])or,ating pans, 202-2^0 
Evaporation figures from given weight 
of sfeaiii. 323 

Evaporators, bulk, 236. 247 
multiple. 221 

Exhaust-steam, ii.se of.''365 
utilisation ot, 232.239 
Extraction, 15 el seii. 

appliances for. 16. 17 
average. 79. 81 
(‘Volution of, 18, 19. lOtf-193 
figures and foriniilie, 102, 117. 

129. 327. 372 
maxiniuin. 16. 

with minimum dilution, 
126-12!i 

modern plant for. 21 el neq. 

k'lietory control. ,3.57-385 

])lans. pnqia ration of, 433 
records, 367-373 .378. 429 
False grain, 317. 322 
t’anlts of ruin. 461 
Fermentations. 43!) 

Fibre, cane, composition of, 11 

its efTcet on juice percentage, 
379 

Film evaporators. 215. 235, 269 el seq. 

accessories for. 271 
Filter press, working of. 174-183 
Filtration. 171, 174-196 
Fire-tube boilers, 403 r 

Fraetional curing, 3.52 
“French” defecator, 138, 145, 166, 
373 

Fuel economy in evaporation, 225, 
231, 238." 241. 361 
rum distilling, 446 
Fungoid diseases, 13, 14 
Fusel oil in rum, 469 
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Gadsden evaporating pans, 217 
Galloway boilers, 406 I 
Gearing in double-roller mills, 88 
in oloven-rollcr mills, 113, 116 
of canc mill. 17, 23, 24 
Glueose, 132. 134 

loss of, in don bio oarbonatation, 
172 

Graining, 316, .326 
(Jravity-lilUirs, ]!)3 
Gn^tm soiling. 0 , 

Grinding. Sec Extraction 
Grocoiy sugars, manufacture of, 316, 
31!) 

Gum in cane juice, 11, 132, I3l^, 136, 
182, 107. 24!> 

% 

Hatton’s continuous defecator, 156 
lfawc\ii, (centrifugals used in, ,351 
jui(!e from, 173 
soil of. % 

tonnage leaped p(*r acre. 10 
Howanl, m\'(Mitor(>f f^uum ])an, 220 
Hurricanes. 3!)8 

Hydraulic l(‘aUiers. replacement, of, 
.52-5.5 

pr(‘ssure in liltral.ion, 180 

. regulators. 40-56. 101, 106, 
123 

Hydrometer test, 460 

Imbibilum. Sec Maeeratiou 
liupucities in cane juiee, 132, 146, ' 
171.327 I 

iftori* in modern crusliing. 21!) i 
India, clarilieaiion in. 135.28!) 
International sugar scale, 382 
Ituort sugar. 11, 133 

Jamaica rum, 436. 437, 441 
Train. 202 

Jamaica, liltration in, 105 
Java, centrifugals u.s(‘d m, 351 
fungoid diseases in, 13 
molasses cattle food in, 474 
ratoonmg forbuidiai in, 8 
tonnage reaped ptcr acre, 10 
Ji^ce extraction. See Extinction 
porcenta.g(‘ 369 

resulting from double crushing, 
!)6 

separator, 148 
• strainers. 4lee Strainers, 
weighing machines, 373-377 
Juice, average eomiiosition of, b^^forc*'' 
clarification, 133 


Juice, avoidamce of reabsorption in 
crusliing, 65 

changes in, diiringigrowth, 8 
circulation of, during evapora¬ 
tion, 234, 21)0 d seij. 
colour of, 132. 138, 168, 197 
(coin])Osition of, 11 
concentration of. See (Concen¬ 
tration 

density of, before conceutra- 
. tft.)iV, 1!)8, 200 

dtmsitv of. in multiple cll'ect, 
233,‘ 287. 316 

olTect of multiple crushing on 
its purity. 133 
^mrity of, S.»10 
unerystallisable- sugar in, 11 
yield of. 10, 15 ef se/y. 
Juice-lK'aters, 139. 140 el- seq.. 163, 
23!), 364 
(;oiupouu(l. 14H 

Kaolin as (iltoring jiK'dium, 184 
Krajewski cane-crusher, 57-62, 87, 
98, 113. 114, 116. 120. 123. 126 

Eahat. PiVe, 135. 173. 198 
La*vulose. 133 

bead as ckirifying agent, 173 
Jsiblanc rotary air-]>ump, 312 
bime as clarifying ag(*t, 134, 138, 
145. 146, ItU. 169, 172 
bime, conc(‘ntrated supcrphospluito. 

See phosphoric Acid. • 

bodies, use of, 388 
bouisiana sod. composition of. 9 
boiusiana, centrifugals used in, 356 
drainage iii. 9 
period of maturity in, 8 
bnbrication of sugar machinery, 365 

Maceration. I6,'97. !)8. 100, UO. 197, 
258 • 

and megasa analysis, 368 
in fourteen-roller mills, 127 
in triple erusliing, 108, 110, 112 
Manure, farmyard, 7 

waste-products as, 436 
Massecuite, 351-366 
output of, 294, J16 
removal of, 327 

Mauritius, continuous clarification 
in, 169 

fungoid diseases in, 13 
insect pests in, 13 
Mogass analysis, 367, 371 
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Megass, as filtering medium, 183 
carriers, intermediate. lOfi 
elevator ;lc8crft)ed, 42. 43 
for fuel. 9. 43. 83, 125, 198, 209, 
.361, 387-432. 435 
should he weighed, 80, 369 
Megass, (ralorilie value of. 427 
^ eomiiosition of, 426 

elfo(!t of adding boiling water to. 
97 

jmlging efra'iemy of' extraction 
by, 79-80 

moisture left in, 96 
jiajicr from. 474 
powers of absorption, 100, 119 
pro<luction of, 27 
serapor platcis for, 110 
Messehaert. grooves for eane rolls, 66. 

67 

Milling compared with dilTusion. 102. 

117. 129 

Mills, <listance between eonseeutive 
112 

double, 84-101 
eleven roller, 113-116 
fourteen-roller, 120-129 
horizontal, 18 
nine-roller, 104-108 
vertical, 17 

Molaseuit, inanufaeture of. 469-472, 

474 

Molas.ses added during crystallisation, 
317, 318, 326 
adhering to eiystals, 352 
as cattle food, 4(17 
as fuel^ 361.435 
in rum manufacture. 437 
Montejus to oporarii filter press, 182 
Mosaic disease, 13, 14 
Moth borer, 13 
Multijector. See Air-pump 
Multiple-effects, am6unt of evapora¬ 
tion performed l y, 223 
horizontal, 273 el se/j. 
importance of cleanliness in 
working of, 223-2M7 
influence of clarification on, 130 
Multiple miUs, 78-129 
Muscovado little manufactured, 289 
Muscovado, clarification of, 137 
crystallisation of, 287 

Obscuration of rum, 461 
Offal-crop, utilisation of, 436 
Oscillation process described, 288.320 
Oxidation, 169, 202 


, Panela evaporating train, 205, 209 
, Paper madJ from megass, 47^ 

[ Pcilon wheel of centrifugal, 340- 
1 .342 

Pests of sugar eane, 13 
Phosphoric acid, use'of, 167, 197 
Plant foods. 8. 435 
Planting, method of, 7 
Polarisco|)e, employment of, 380 
Porcuj)itic boiler, 425 
Potash as (darifying agent, 134 
froiti molasses, 476 
Power, motive, for extraction, 19 
el set], 

I Propdgation of cane, methotls of. 4 
! Pump to operate lilriw press. 180 
Purgation of crystals, .137-.356 

! Kail transport of canes, 14 
■ Ratoons, cultivation of. 8 
I>eriod of maturity. 7 
Rc-.ibsorption of juicb, 65-67 
Kcjaping, n..vilod of. 14 ' 

Kelincrs crystals, clarification for. 
137-159 

Uefractomcler. use of. 369, 383 
Killieux's multiple evaporator, 220. 
226 

Rum making, its influence on filtra¬ 
tion. 1 ‘.15 

Rum, colour of. 460 
composition of, 438 
manufacture of. 386. 436.-467 
] obscuration of. 461 

.Saccharimeter. Sec Polariscope 
Sand, as filtering medium, 184-190 
Scollern’s process, 173 
; Scum from juice for refining crystals, 
t 138, 139 

j elimination of, in Demerara 

])rocess, 166 
S<uirby shrc,dd<‘r. 64 
Secherics for drying megass. 388 
Heetl, propagation l>y, 4,12 
Seedlings, cultivation of, 12 
Sereh disease. 13, 14 
Shot-borer, 13 
: Silica in cane rind, 11 
I Simpson evaporatmg pan, 214 
' Single-effect evaporator, 224 
Soil constituents, 8, 9 
Soils, most suitable for cane, 8 
Stea,m generation, 386-4,34 
Steam heating for concentration, 200- 
'214. 225-230 



Steam power for extraction, 20 el 

«g. I 

StiUa, 442-469, 462 * 

Strainers, automatic, 70-77, 114,126, 
127,13» * 


Unorystallisable sugar, 132,163, 202, 
318, 327, 

» 

Vacuum pan accessoriA, 300-315 
Vacuum pan, introduction of, 218- 
220, 289 


Stoaining, hand, disadvantages 'Of. 

68,69 . • 

Straits Settlements, cane transport 
in, 14 

Striped canes, 11 si aeq. 

Striped Tanna cane, 12 
Stubbs’ classification of canes, U* 
Sugar content, variation of, 367 
Sugar, loss of, in extraction, 82, 83, 
94 

tliiough entrainment. 246 
Sulphitation nroccss of clarification, 
169 

Sulphur box, 161 
churn, 161 

Sulphur dioxide, use of, 1,'>0 
Sulphuring for. Ueinerara eiystais, 
159-163 , 

in Doming process, 151-184 
in white sugar process, 170 
Syrups, classification of, 352 

Tank or sliell boilers, 403 
Tanks for transporting masseciiile, 
328-333 

Fannin, use of, 172 
I'aycho, nse of, 198, 388 
Taylor's filters. 191 
Toggle pressure regulator, 45-49. 87, 
106, J16 

Torricellian condenser, 241, 277, 286, 
303, 307, 312 
Trash as fuel, 362 * 

Trash-tumers, 30 

Triple crushing. See. Mills, nine- 
roller 


supervision of, 364 
working of, 223, 289 
j Vacuum pumps, working of, 221-23^ 
276, 300-315 

Vapour, prganic, for saturating me- 
•gass, 257 

removal of, condensed, 253 
use of, in concentration, 225-234, 
239, 240 

“ WaiJhings,” employment of, 362 
Water content of megass, 370 
receivers, 257 

to be applied to megass, 117. 
And see. Maceration 
Water-driven mills, 20 
Water-tube boilers, 404 
Wax from sugar cane, 476 
West Indies, centrifugals used in, 361 
fungus pests in, 13 
new varieties of cane in, 12 
rum making in, 436 
tonnage reaped per acre, 10 
Wetzel evaporating pans, 217, 287 
White sugar, claiSication for, 140, 
169-173 

Transparent cane, 11 
I White, yellow and green canes, 11 
! Wind mills, 19, 20 
I Wood gum. See Xylan. ^ 

! Xylan in cane fibre. 11 

i Yeast, as agent in producing alcohol, 

I 437,442 
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Hi uson, liuiiKUT, Lrft. ' - 

‘ Intehnatiunai, SnuAi; .Iui iinai.," The 
luiiNsus, S. II. A Cd., Ltd. - 
KesTMEI! IvVAruRATO'! A EN(HNHEIIIN<I Cu. ]viu. 
MciNEii., ,l<iHN .V Co, Ltd. - 
MiiHiLKES Waison Cu, J/rii., The 
Mi sui’ave a Cu. Ltu. 

I’o'iT, Cassei.s a Wii.i.iamsu.n 
I’ uYNTEIi, So\ A M.vcuu.namis, .Ioiun 
IUnsumes, .“Iwis A .Ieefeisies, ];ru. - 
ItoUIIEK, NuIIMAN . - - - 

Smith, A. A W. A Co. Ltd. 

Stewakt, Duncan A Cu. l/ru. - - • 

I'heakston, Francis, Ltd. - - * 

VV.ATKON, Laiiii.aw' a Co., Ltd. 

West India Commjtt’ee, The 
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FILTER 


JUICES, SCUMS 
AND SYRUPS. • 


S. H JOHNSON & Co., Ltd. 

. THE ENGINEERING WORKS, 

. STRATFORD, 

CONDOI^.. E. 15. ENGLAND. 

ELEPHONE EAST 363. ■ CABLES FILTRUM, LONDON 


SPECIAL 

PUMPS 

WITH 


WATER-SEALED GLANDS 
FOR SUGAR LIQUORS. 

STEAM, BELT OR 
MOTOR DRIVEN. 




CLARIFYING 

FILTERS 

TANK TYP€ FOR 
SUGAR JUICES. 


OUR DUPLEX CELL SYSTEM DOUBLES THE FILTERING 
AREA IN A GIVEN SPACE 






^OBERJ HUDSON Ltd. 

\ • MANUhACri’KFRS OF • 

LIGHT RAILWAY MATERIAL 

38a bond street, LEEDS, England. 

1^'ai ms “ UALKTkUN, LKF.I »S ” • >>i>i A.B C. sni and Tkix ai i , t n . 

Works: GILDERSORJE FOUNDRY, Nr. LEEDS. 

London Office: SUFFOLK HOUSE. CANNON STREET. EC. 4 

MAKERS oV SDCAk CANE CARS OP AI.L TMM?S 
lO sun RI^OUIRKMEJiTJ OF VAKU)US 
• CANH (JROWINC COUNTRIHS. 

HUDSON 
MATERIAL 

RAILS. 

SLEEPERS. 
SWITCHES. 
TURNTABLES. 
LOCOMOTIVES. 
STEEL WAGONS 
OF ALL KINDS. 
WHEELS 

AND AXLES 
E OLLER 

BEARWGS, 
Etc. 










Tlic above photograph shows 'a faci(»ry (lurnig 
<>i construction which was sm'phcii loinplclc bv us 

COMPLETE SUGAR FACTORIES 

‘ EQUIPPED 
ERECTED 
OPERATED 

Wc h.i\C' ;ic(|iiirc-(l tiu' rxlcnsivc husint"-^ nl 
Mcssis. A. ,and P. W. iVlcOnic, iiuliidmi; all 
drawini;^. jiatU'i'iis, clc., and in addition ha\'(.' 
oiu'hclvcs 1)0011 connoctod with tlu’ Sn^ar lndu'->trv ' 
I'oi' o\’oi so\c'nt\ yoai's. 


Blair, Campbell & McLean, Ltd . ‘'Blazon, tHasgow. 'V'- 

GOVAN,: GLASGOW. Established 1838. A.B C. (6th Edition). 























l^vuporalin” Tlunl, includinf.; 

THE MULTIPLEX FILM EVAPORATOR 

The Multiplex Film Evaporator# 

1 . i;i|>iilly displaciiii; i\|>'s and 

_’wi s th< tHit \ ff’um iitiii 

•1 I 

THE SIMPIEX FILM EVAPORATOR 

The Simplex Film Evaporator i 

in'->t siiilalik (<ii list ivlii II only ilt.iinu’ 
•v\ 111 ) siii.vll <|iiafluiits (pf |iiii t 

Standard Triple and Quadruple 
EfFectB. 

Coil and Calandria Vacuum 
PanB. 

Open Boiling Pane of ail types. 


I HL Ml'l 1 11 I 1 \ r\ll M Ml M 
EVACUKATdIv 

Distilling Plant 

We uijiiulaclurc al! t\pes i»f 
Ihsiilling rianl iiuliiJinK 

Blair’s Continuous Two 
and Three^Column Stills 

wludi produi'c rum and alcohol 
ol Ihe finest ijiiahlv m om- 
oporatuui. and maintain lin hiKh- 
cst <’tl!CU'nc\ .il'si 

^ Coffey's Patent Stills. 

Steam > heated Pot Stills. 
Fire - heated Pot Stills of all 
types. 


Write for Catd/ooiies. 




Ill AIR s ItoLl'.LE COLUMN STILL 


B^air, Campbell & McLean, Ltd • " Blazon, Glasgow.” 

^OVAN, GLASGOW. .^Established 1838.AB.c.(Sh'Edition). 






Centrifugals 

FITTKl) WITU 

a 

Self - Discharging Baskets 

SAVE LABOUR AND 
INCREASE OUTPUT 



, Sl'K'TloN ()!• 1‘.\SKKT ()]• 

si-i,r-^j)iscjnia,iN(. ci.ntkii i (.\i. 


WATSON, LAIDLAW & GO. 

• i.iMiri^D ' 

98 DUNDAS STREET (SOUTH),-CLASGO'W 





‘•Westoji Centrifugals 

DKIVKN 15Y 

bi^livJlhciricity 

OR WATER 



IXTI-.kl< Jl-: (-1 \ <■[ IAN SI (.\K I \<''l‘t)!\V .■^ll()\VIN(. 

( 1C, Si \l 1.1/1 Kh \\1» ('INI K‘ll IN, \ES 


M’J. !n 

aVATSON, LAIDLAW & CO. 

/ LlMlTiil) 

DUN DAS STREET (SOUTH), GLASGOW 



























MAKERS OF 

CANE CRUSHING MACHINERY OF ALL 
TYPES AND CAPACITIES. 

CANE CRUSHER AND MILL ADDITIONS TO 
EXISTING PLANT. 

HYDRAULIC PRESSURE REGULATORS 


FOR EXISTING MILLS. • 
TELEGRAPHIC ADDRESS: “ENGINE, GLASGOW, 


V 







A. & W. SMITH & Co. Ltd 
EGLINTOIM ENGINE WORKS 
GLASGOW 

* 

TRIPLE AND QUADRUPLE 
EFFET EVAPORATORS. 

VACUUM PANS, > 

COIL AND CALANDRIA TYPES. 

CONDENSING PLANT. 

VACUUM PUMPING ENGINES. 
COMPLETE SUGAR FACTOrIeS. 


Telegraphic Address: 
‘•ENGINE, GLASGOW.” 

































The West India 
Comimittee 

huor/iUati<i /’V Koyai Chaiicr 

TIfK Kh.H'l HON. THK KAKJ. Oh' HAKKWOOD, K C.V O. 

Chan man 

KOliKkT kU rHI'.KI'ORI) 

I ’« f'utv'f. hat} man 
' ( \ Kl'l. (;UkNKA 

! I I'll / ’) a \rm I 

WILI.I.VM on [.i.Si’lK K A. J.F IU\S% 

• 11 1-. 1‘RhAill 

J. Ui ui/>u ( omnntt.i 

W \. OKII-MN 


1 HUM AS' OKKENWOOl) 


'I UK ( MM KM W 
TIIF DKl’Kn CHMiaUN 
! HK HON TKKA^l■K^ KS 
S-< miKKON 

C AMI'HI KI 

•KV^^f (.AMI-I'.I KK 
lT*r ^ H A» CI n.loN 
sii- Fn'PwWrnA\s»TT?»oA( 

I 1 -f..i I i; nAVs<.»N. s».i 
H l>i TA'''' 

A DIA Kll \M 

II < ki'M I■WIN<; 

W. I AW( K'l I. i: s. 
o. M. l-k \MK 

Tl 1 1. I kKI-M\N 
M (;\kNKii 


1 I -(.'"I <». \ o 1,ANl- 

A N l.riHiOCk 
( I OH lA Al.K. M r. r 
N. MAKOJl.MSoN. O U K 
1- L MAksHAl.K 
k M B P\KKI-k 
Siu OWKN I'll I LI II’S. (. ( 
M V 

A W K<K;Kks 
I H SC kl’ I loN 
O MOO|)\ SrUAKI 
1 L 1INNI- 
H*A TkCJl'IKI 


li VA'I'soN 

1 '. woon 


'‘|''IIK \VKs| INI»IA COM MI I'TI'1'., \v)u«li w.is tst.iMjslicd pri^^ to the 
i yeai »7^n, t'- lh< oUkst ItyOy lepif'''tntativt .>f .my <o)uiiy «»r tirotip dI colonics 
H is an iii«i>i|ii>iate(l Assui.i.iUon of BtilJsli sul-iects whose oh|ict is, l*y united 
.H Hull, to jiiumolf tlie inleit sis c f tin nuriciiliin d and m.muf.n tin ms indust ties 
uni lT.ide of the c utne British West Indies, British ('Ui.inri,'and Britisli Honduras. 

Only Britisli snhjKtts an «lmil»k fi>r iiicnnhctship. Caiidid.ites for admission 
must In piojiostd l>i one and seconded hy another iiicinher of tin- West IndLi 
(. omiintiee. . 

Then is no l-iiti.inee Kc<. 'I he minimum Anmi.d Subscription is one Riiinea 
or five eioll**s Siibsi lipllons bn ome ilue < ti lamiat y ist cxeept foi new members, 
wliost sidisciiptiuijs fot ilie uiiiemt year become pajanle on election Animal 
subsciiptions of one yuim a oi five dollars mac be < ominuted b> individiiaK by pay¬ 
ment of the sun. e^f ten >;iiuieas fo« Kife Membcrsliip. 

The Weit India Committ.:e Circular (ontaiiunu a review of the woik of the 
West India ( ommitlee , Notes on West liidi.in AtT.iiis , Statistics as to all the West 
Indian Indusirn's; Biilhs, Marnapes, and Ih-atlis Home Arrivals and Departutes 
bj the mad steameis, eK . is posit d to niembeis, foitniphtlv. /n, u/<//«><'.. 

Kectui'^s em niatteis of ititi lesi in < onnei lion with the \Vesi Indies arc delivereel 
jiciiodically at the West India ( oiiimiltee Booms, wlin h .ire suuaied at^ i s. Seethinp 
Lane. London, 1. C next to M.ub I am Station (I’ndeipiounI) Railway) '1 he 
rooms form ,i useful rende/\ous foi \ isit.>rs W’est Jiidian newspapers are filed, and 
lliete is a I iunpi* beiisiie lil'i.ir\ of\'’e*st Indian l*ooks foi I'lie use of menihcis 

.S,. V 

ALGI-KNON \SB1N\1K. ( MG 
Bairisiu ii-K.iw 
iii-i/.ix-' 

tHl.l’K’-l. N isNB.lU. M \ 

B.inisiei-al-l.aw 
Ditnkf} s 

^ 'IHr. COLONIAL BANK 

< y/u-cs 

1^, SF.E’UHINO l.ANE, LONDON, L.C. 



d'; , r.-anin'H'-tin’. ,i 

'■uid '-u’fti'torr; of all ■ 

"f .'"v-'a]’ '1 111 jiiant ; i.aai, 

' id, e a]‘L in a p'- •' i ti 
to ol'i't'i’ tiiaaliinL'i’ v.ti i ■;!i, 
an tVit^ reaiilt t]' ii.aay 
yoar.:. of prj a'-.ajivc 
dcsip:n, will ui.rl vaJ i 
oi'f inii.aiav aoiibined v;itli 
] ao.tiriia oti-vio-. 
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GEORGE FLETCHER & Co., Ltd., DERBY 



12ft. diameter Coil Vacuum Pan. 

GEORGE FLETCHER & C 














FRANCIS THEAKSTON, Ltd. 



■' 60, Tufton Street, Westminster, London, S.W.l 







the MIRRLEES WATSON CO., LTD. 



• Fcurte^-Roller Ct'ushing-IVIlLI Planljj 

Largest Makers of SUGAR MACMINERV In the World.. 



THE MIRRLEES WATSOH fiRMPANY 

. . GLASGOW * wm'teo 

Tbikphonhs. • the largest makers of -ihlboha^S: 

i™ Sorni, SUGAR.MACHINERY. •■MWces, 

69 kinnin^ IN THE WORLD GluNMnw.”^ 


m 

9 ^ 


1 


M.WCoLd 1504 


KRAJEWSKI CRUSHER 
ELEVATOR & SEARBY 
SHREDDER for NATAL 





Saccharimeter 



The Sc&le Length is set at the National Physical LaborathryT”' 
if desired, and a Certificate supplied. 

“ If ihe adjustment ol the new scale couUl lie peilormetl by our 
National Hureau of Standards tbe various polarisco] es ol tlie coiitilry 
v’ould, lor the first lime, be placed on a strictly uniloim basis ol 
comparison Ibfierences of as imicli as o 3 have beep noticed by tlie 
author between the loo^'point of diflerent German Sacchanmelcrs 
supplied to the American t.ade. ' « 

I »r G A NkowM', in the “ journal of Indestruil and 
Eiif;ineeniig t'heinistry,” Vol. X., No. n, pa^epi.S 

The BELLINGHAM and STANLEY SACCHARIMETER is Ihe 

only instrument^ in which such an adjustment is possible. 

Piirtiaihirs of Hits instnuHcnl and of our Juifro-oni 

Abbe and uippur^ Reft<utontctcrs on app/iia/ion to 

BELLINGHAM & STANLEY 

71 , HORNSEY RISE, LONDON, N, 19 '.”“ 

Tiiei'iiiink: JHOkN.SJ'.V 3270. 

fKtpaxti anJ j^Iterations to Inslrumenlb of ct}efy type pfon^tly carriW oul. 




Kestier Evaporator i EailiittPliift Co. LW. 
KESTNER Patent FILM EVAPORATORS 

• 'for 

SUGAR SYRUPS 
. GLUCOSE 
ETC., ETC. 

't his cvaporatiir is replacing 
all Ollier types because of the 
following a(lvaiUanes_ wliii b 
aie obtained . , 

• 

llKK'.irrKK SVKl'l* 
liE'lTER Sri'.AR 
NO COLOPtATlON 
NO EN'I'KAINMENT 
r.REATKR EtOKOMY 
and 

EKl' ICIENfv 


If yojj wish to increase the 
output of your present 
Multiple Effect Instal a 

KESTNER Patent PRE-EVAP.ORATOR 

. SEND US Aid, YOUR ENQUIRIES. 

5 GROSVENOR GARDENS, LONDON, S.W.1 
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Erecttn't Shot. 











SUGAR CANE MACHINERY 

. OF EVERY DESCRIPTION 

MANUFACTURED BY • 

JOHN McNEIL & CO., LTD. 

* COLONIAL IRON WORKS 

M^LEN ST, GOVAN, GLASGOW, SCOTLAND. 

^ 'ri'I.U.KAl'llIt Am»KI-SS* "ColONIAl, (li . - 


















DUNCAN . STEWART & Co., Ltd. 

LONDON ROAD IRON WORKS* 

GLASGOW 


Kstahlislied 

1S64. 


(^able Address: 

• “STKW’^AKT, CI.ASCOW. 



H«Koller (^ane MilUnjf Flan(. 34 in. 72 in. 


MANUFACTURERS 

OF KVKUY KKOUISITF. FOR 

MODERN SUGAR FACTORIES 

FROM 

TT.P t ARCFST to the SMATJ.EST* 




STEAM, BELT, ELECTRICALLY & WATER - DRIVEN 

CENTRIFUGES 


>F *ALL TYPES. FOR SUGAR REFINING 



Typo 33 “ Broad bent" Patent Wator.driven Contrifuec. 

Fitted with Spraying: Arrang^oment and Bottom Discharge to room below. 

• WRITE FOR FULL ILLUSTRATED CATALOGUES. 

thos:broadbent&sons,l° 

^UDDERSVlELD, ENGLAND. 





FAW.CETT, PRESTON & C« • ltd 
, * 

. E^fGINEERS, LIVERPObL. 


London Office 

69 V|<:K>KIA iSTHKKl, 

^ Wksi minsihu, S.V . 1 


•'rclci5*«phic Address 

"hAU CbT'l, l,IVl'Kl-()l)l. •• 
C'odcs 

AB(] (■ith iiiid Sth Kdiliotis) 
WI*:SM<:KN IINMIN CF> leliei 
and *' Universul " I'dttinns i. 
BKNTI.K^’S. and \ I. 


MANITFACTURKUS OF 

ALL CLASSES of SUQAH MACHINERY 

FOIJRTKKN-, K1,+:VRN-, /)!<• EIGHT - HOI.LtiR MIU.S AND 

CRUSHliRS Ol- IMPROVED TYPE, DRIVEN THROIKPH STEEL 
GEARINC; BY ONE ENGINE. 

IMPROVED THREE-ROLLER MILLS. 

L'ATTON’S PATENT CONTINUOUS CANE .lUlCE DREECATORS. 
IMPROVlfD MULITPLE EPEECT EVAPORATORS. ^ 
VACUUM PANS. VACUUM PUMP1NG*RNGIN1;S. 

CRYSTALLISERS (Open or Closed Type). 

CENTRIELIGALS (Electric-, Water-, orJlelt-driven). 

SI EAM BOILERS OF ALL KINDS. FH.TEII PRESSI'S. 

FIRE POT STILLS. CONTINUOUS STEAM STILLS, Etc , FYc. 

COMPLETE SUGAR FACTORIES AND REFINERIES SUPPLIED 



‘ AN ELEVEN-ROLLER CANE ^INDINQ PLANT. 

y-;.,//// rt iakcK m ihi Slw/>s "/ ktni'tt//, t'n'ston ty t\^ Ltd. 





NJUSGRAVE’S • 

INDUCED DRAFT SYSTEM 

FOR 

• • 

Bagasse Furnaces 

is essential to*the. efScieiit wor^ins.'of your Boiler Plant. 

By ensuring perfect combustion it saves auxiliary fuel, maintains a 
high furnace temperatui'b, giving maximum economy and flexibility. 

, • • • • 

HV/ff /or Booklet: 

. “tHE ECONOMICAL COMBUSTION OF BAGASSE" 



INDl’Cl-I) I)l<\ir J'AN ANI< llNl'.I.Nli 


MUSGRAVE & CO. LTD. 

ENGINEERS i 

St. Ann’s Ironworks, Belfast, Ireland ^ 

• Codes Used : A.6.0. (5lh Edition), Liel>er’s, Engineering Telegraph (2nd Edition) 


Aaj'.NTS FOR CURA ; 

DUNCAN STEWAJRT & CO. LTD., HAVANA ' 







The Premier Evaporator 

HARVEY’S EVAPORATOR 

r 

Made as Doubly, Triple, or Quadruple Effets 

. ' ^ f- - 

/^UR well-known Kvaporators arc now at work and giving every satisfaclion on 
Sugar Estates in ihe following countries, namely: DeKierara, Berbice. 
Surinam, Trinidad, Cudtf;maU. Ecuidpt, ^olombia, Chili, IVru Straits Selllenients, 
Japan. F ormosa, Jamaica, Porio Rico, Cuba, Bra?!! Java, Fiji, Queensland, Brili^^b 
India, Mexico, I'hilippine Islands, Mauritius. Mozambique, and South Alrica. W»' 
j have now constructed over One Hundred and Sixty Evaporators, all o( which 
arc giving entire satisfaction. This record speaks for iliclf I he results ol ained on 
several of our Evaporators have been fully 10 lbs ol water evaporated pc* square fool 
ol healing surface per hour. 


Central Sugar Factories 

W F beg to draw the a'lenllon of Companies or Individuals who are consideruig 
extensions and improvemonis oi their present Sugir Factories, to tlie iacl 
that our Company is in a unique position for taking such W'>rk in hand, as during the 
last ten years v\e have received orders for Twenty.two Central Factories-ff r 
erection in various sugai counitii's : also two comp’e'e Sugar Refineries to make white 
sugai, one of these using chaicoal filtration, the other using no cliareoal w alsoever. 

As the sums of money iavolvcd in a modern Central Sugar Facftiry arc consider, 
able, it would be advisable that intending purchasers look more to having a rea'ly 
good, well-designed, and up-to-date factory, than a cheap factory which may involve 
the risk of financial failur?; so that the experience a^d record of the 6rm to whom 
such orders are given 8hould*be well considered. 


Harvey. Engineering Co., Ltd. 

Glasgow 

Manufacturers of Every Description of SUGAR MACHINERY 

xxvlii 






HARVET ENGINEERIIIG CO., LTD., 

SUGAR‘MACHINERY SPECIALISTS. 

SCOTLAND STREET ENQINE WORKS, 


Telegrams': . 

“MACONIE, OLASUOW.” 


GLASGOW. 



14‘Roilor Cane Crushing: Plant (Rpiters 34ine. x 78ine.^ 

Improved Multiple Crushing Plants and Crushers. 
Harvey’s Triple and Quadruple EfFet Evaporators. 
Vacuum Pans and Pumping Engines—Wet or Dry System. 

Open and Closed Crystallizers. 

Weston’s Improved Belt, Electric, ancF Water driveff" 
« Centrifugal Machines. 

» Steam Boilers of all kinds. 

LONDON OFFICE: 27 MINCING LANE, E.C. 


A. F. CRAIG & Co;, Ltd. - 

' Engineers, 

. Boilermakers and Ironfoundefs, 

. .. miSLEY, . .. 

' SCOTLAND. 



FOR ALL KINDS OF 

SUGAR MACHINERY 


Telc){rams: “CRAIG, PAISLEY.” 

Codes Used : A.B.C. 5th Edn., Bentley’s, Western Union, .McNeil's Minind 
and General, Lieber’«. ' ^ 












